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Food insecurity is a complex ‘wicked’ problem that results from a range of unstable and uncertain
physical, social, cultural, and economic factors that limit access to nutritious food. Globally, 800 million
people are undernourished, around 1.9 billion are overweight/obese, and 2 billion have micronutrient
deficiency [1]. This, in part, is explained by changes in food production and manufacturing and their
impacts on climate change [2], the retraction in economic climates, increases in food prices, and, in some
regions, reduced food availability and access [3,4]. Vulnerable groups include, but are not limited to,
migrant populations, Indigenous peoples, elderly populations, pregnant women, those with disabilities,
homelessness people, young children, and youth. Poor nutrition during significant periods of growth
and development and throughout life impacts long-term health outcomes; increases non-communicable
disease prevalence, healthcare costs, and disease burden; and negatively impacts economic and human
productivity [5]. This special edition has brought together a variety of articles, some positioned in
developing countries where disease burden is high and food insecurity issues impact the growth and
development of young children while also negatively affecting adults, specifically their mental and
physical health. This issue, Nutrition and Vulnerable Groups, reports novel strategies to address
individual, household, and community food security, and draws together quantitative and qualitative
research that has attempted to address the challenges of food security while considering the complexity
of the problem, the need for locally-driven and scalable solutions, and policy implications.
The double burden of disease exists in many countries, especially in developing countries and
those transitioning to Western-style diets. Factors influencing infant feeding practices in Haitian
children have been examined, and despite a high prevalence of malnutrition and poor adherence to
the World Health Organization’s recommendations exacerbating malnutrition, factors including low
maternal education and greater family size have been negatively associated with infant nutritional
status [6]. Households that experience child stunting have simultaneous issues with overweight and
obese parents, the odds of which relate to the level of food insecurity and appear to be greater in those
with mild food insecurity [7]. This may be explained by marginally greater access to food, but food
of poor nutritional quality, explaining the juxtaposition of the disease burden. Other vulnerable
food insecure groups, such as refugees, are experiencing additional impacts of increased obesity
including metabolic syndrome. An increased likelihood of this condition has been related to older
age, synonymous to years of exposure, as well as younger marital age [8]. Author recommendations
suggest large-scale community intervention programs to tackle obesity as well as cultural change to
increase age at marriage.
In both developing and developed countries, socioeconomic status is a known driver of food
insecurity and the association with increased Body Mass Index (BMI) in children and adults is clear.
This issue examines children who have experienced abandonment and are being supported by the
welfare state, and how sociodemographic factors negatively impact children’s body size and body
shape satisfaction [9]. Authors recommend body image awareness as a consideration in obesity
prevention programs. Moreover, poor academic performance in low socioeconomic adolescents has
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been related to greater body size and fatness, alone or in combination with diet and exercise patterns,
and seems more likely to occur in males than females [10]. Poor food choice or limited access to
nourishing food, such as fruit and vegetables, is associated with food insecure populations [11,12],
especially youth, and is explained by a lack of economic means, education, food availability, access,
and other socioeconomic factors. Support mechanisms, including programs to increase access to
healthy food, are paramount for vulnerable communities, and this issue provides evidence of the
importance of food pantries [13], as well as school and university settings [14,15]. However, in some
countries popular restaurants that support low income families and provide cheap, energy-dense
foods to support the cultural aspects of the traditional food supply simultaneously increase the risk of
chronic disease [16].
Similarly to developing countries, cities and neighborhoods in developed countries are
experiencing a greater emergence of vulnerable populations, thus requiring an informed workforce
to support these communities. This workforce needs to identify modifiable factors that can be
incorporated into future schemes and food security interventions in order to efficiently manage food
shortages and address drivers in the immediate and broader geographical locations [17,18]. A greater
understanding from the workforce is required, as evidence suggests a divergence in views between
those who address the problem and those with the lived experience of food insecurity [19]. Therefore,
more engagement and attention to those with the lived experience is required to inform interventions.
Strategies outlined in this issue to influence nutritional intake include greater access to local food
pantries [13], educational interventions for children and adults [20,21], and increased local food
production and livestock keeping [22].
Food literacy is among the key components required to improve food security, as evidence in
this issue highlights the lack of understanding by food-insecure households about food labelling,
product attributes, and food choice [12]. Authors in this issue outline a framework that builds the
capacity and capability of the charitable food organization workforce, through the inclusion of the
university or higher education sector, to support their training needs in food literacy [15].
To better understand the practice and policy environment of the broader food system, barriers and
enablers have been examined [17]. This issue has outlined novel applications of a Systemic Innovation
Lab, which capture initiatives within a defined local geographical area that support community food
security [18]. This innovative system examines systems change. Initiatives that had a greater number
of characteristics to reinforce a better way of working to address food insecurity or had strategies
and systems to implement place-based change were identified. Those without these characteristics
were identified, and strategies were co-designed by the community to improve the initiative to more
comprehensively address food security. Community and government buy-in, relationship building,
and education were among the strategies required to improve systems change.
The diverse articles in this special issue highlight the complexity and extent to which
nutrition-related issues may impact vulnerable and marginalized groups. The impact of over- and
undernutrition is not specific to one group or area, as similar problems have been identified in
developing and developed countries and between rural and urban areas. As seen by the various
findings and recommendations, not only is more work in this area required but the translation of this
work to practice and policy is imperative if we are to address the issues impacting upon the nutrition
and health of those experiencing vulnerability.
Author Contributions: A.D. and T.L. wrote the editorial.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Infant malnutrition remains an important cause of death and disability, and Haiti has the
highest prevalence in the Americas. Therefore, preventive strategies are needed. Our aims were
(1) To assess the prevalence of malnutrition among young children seen at a health center in Haiti;
(2) Examine adherence to infant feeding practices recommended by the World Health Organization
(WHO) and the association to nutritional status. This cross-sectional study recruited children from the
Saint Espri Health Center in Port Au Prince in 2014. We recorded feeding practices, socio-demographic
data, and anthropometric measurements (WHO-2006). We evaluated 278 infants and children
younger than two years old, aged 8.08 ± 6.5 months, 53.2% female. 18.35% were underweight
(weight/age <−2 SD); 13.31% stunted (length/age <−2 SD), and 13.67% had moderate or severe
wasting (weight/length <−2 SD). Malnutrition was associated with male gender, older age, lower
maternal education level, and greater numbers of siblings (Chi2, p < 0.05). Adherence to recommended
breastfeeding practices was 11.8–97.9%, and to complementary feeding practices was 9.7–90.3%.
Adherence was associated with a lower prevalence of malnutrition. Conclusion: Prevalence of infant
and young child malnutrition in this population is high. Adherence to WHO-recommended feeding
practices was associated with a better nutritional status.
Keywords: breastfeeding; feeding practices; infant feeding; nutrition; malnutrition; pediatrics;
primary health care
1. Introduction
The Ministry of Health and various international organizations performed several health surveys
in Haiti between 2006 and 2012 [1–3]. In 2012, infant mortality in Haiti was 59–73 per 1000 live births,
and under-five mortality was 88 per 1000 live births [4,5], the highest in the WHO region [4]. Although
the prevalence of wasting has decreased to 4.1% (weight/height <−2 SD), great vulnerability and
nutritional risk persists [6]. The prevalence of stunting (height/age <−2 SD) is 23.4% in children
<6 years of age [1]. Infant feeding depends on cultures and customs, which can vary regionally and
locally. The only study of infant feeding practices in Haiti [6] to date did not evaluate the association
between such practices and the nutritional status of children.
Nutrients 2018, 10, 382; doi:10.3390/nu10030382 www.mdpi.com/journal/nutrients5
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Klinik Saint Espri Health Center is located in the Croix de Bouquetes commune, near Port Au
Prince. This center opened in 2001 and is run by the American non-governmental organization (NGO)
Haiti Medical Missions of Memphis [7]. Malnutrition is a frequent cause of consults and treatment
program referrals at this center, but the magnitude of the issue is unknown. Low-cost evaluation
methods using local staff and resources are needed to gather relevant data at the community level.
This information could enhance planning, resource utilization, and intervention strategies. Studying
and improving feeding practices is one important strategy [8].
The objectives of the present study were to assess the prevalence of malnutrition among
infants and young children visiting the Klinik Saint Espri Health Center, to measure adherence
to WHO-recommended feeding practices [9,10], and to evaluate the association between feeding
practices and nutritional status.
2. Materials and Methods
We conducted a cross-sectional study at the Klinik Saint Espri Health Center in September 2014,
using a convenience sample of infants and young children seen for acute morbidity, health check of
newborns and infants, vaccination, or malnutrition within the Child Health Programs. We aimed to
reach a sample of 200 children, based on a previous estimate of 323 visits per month. Recruitment
was carried out by general and individual invitation in the waiting room. Children younger than
two years old whose parents agreed to participate and who signed the informed consent form were
included. Children who required immediate care due to severe disease or with clinical dehydration
were excluded; excluded children were similar in age and sex to the final sample.
We developed a survey for the purposes of this study, translated into Haitian Creole by medical
staff. The instrument was pilot-tested by two interviewers, and then final adaptations of the format
and language were applied (Appendix A). The pilot instrument was administered to 20 children
recruited from the waiting room, 2 months before the beginning of the definitive study. The survey
evaluated five areas: (1) Identification and general characteristics of the patient (birth date was verified
in the clinical records); (2) Brief social evaluation (maternal education, work, number of siblings);
(3) 24-h dietary recall, collected once per participant by personal interview with each caregiver; to
assess portion size, we used common plates and glasses obtained from local businesses and made
models of common foods with painted plastic foam (Appendix B). For breastfed infants, it was not
possible to estimate the volume of milk consumed, due to the variety of breastfeeding practices; (4) Use
of nutritional supplements during the last week; and (5) Additional breastfeeding-related questions,
including age at first breastfeeding, duration of exclusive breastfeeding, age at introduction to solid
foods, and age at weaning from breastfeeding. The survey was conducted privately in an individual
room by one of five trained interviewers; two were center staff and three were volunteers; all spoke
fluent Haitian Creole. After the survey was completed, standardized anthropometry was performed,
and the nutritional diagnosis was communicated to the child’s guardian. Children with wasting were
immediately referred to the center’s malnutrition program. Daily reviews of the surveys were carried
out to detect duplications and mistakes. Based on the information reported in the survey, specifically
the 24-h dietary recall, indicators of feeding practices were calculated based on the methodology
proposed by the WHO [6].
Anthropometry: Children were weighed without clothing, using a ADE non-digital infant scale,
calibrated daily. A handmade wooden infantometer was used to measure supine length, with the
head supported at one end, the torso and lower limbs extended, and feet flexed to 90◦ and supported
by the lower-end stopper, to the nearest 0.1 cm. Head circumference (HC) was measured with
a non-elastic measuring tape, fixed on the occiput and passing around the head and above the
supraorbital ridges, as a marker of chronic undernutrition. Mid-brachial arm circumference was
loosely measured at the mid-point between the acromion and the olecranon with the same non-elastic
tape. Measurements were performed twice, rated, and repeated if inconsistencies were identified.
Most of the measurements were performed by the first author (BI). The first author also trained the
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health center team (3 nurses and 1 paramedic) during a 4-h session and supervised in the application of
the questionnaires (initially for the duration of the entire interview, and subsequently via intermittent
daily observations). We excluded five subjects with incomplete data or inconsistent measurements
who were not available for a new measurement.
The 2006 WHO Child Growth Standard was used; z-scores were calculated using the
Anthro® program [11,12]: for weight/age (zW/A), length/age (zL/A), weight/length (zW/L), head
circumference/age (zHC/A), and mid-brachial circumference/age (zBC/A) [13]. The presence of
edema was recorded. We used the 2006 WHO classifications for nutritional status [14]. A zBC/A
value <−2 SD or measurement <125 mm was considered suggestive of malnutrition.
Adherence to feeding practice indicators: After applying the survey and before defining the
nutritional status, the principal investigator (BI) calculated the indicator scores according to the WHO
2010 criteria for the child’s age [6].
Statistical analyses: Descriptive statistics of numerical variables were performed; distributions
were verified using the Anderson-Darling test. Variables were expressed as mean (±SD) or median
(range). Parametric (Student’s t-test) or non-parametric (Mann-Whitney) tests were used to compare
results. Prevalence by sex and age were calculated (chi-squared test), and univariate correlation
analyses were carried out to evaluate for associations. We evaluated the association between adherence
to recommended feeding practices and nutritional status using the chi-squared test. The MINITAB-17®
program was used for statistical analyses. p < 0.05 was considered significant.
Ethics: The Research Ethics Committee of the Faculty of Medicine, Pontificia Universidad Católica
de Chile; the medical directors of the Klinik Saint Espri Health Center; and the Haitian ambassador in
Chile approved this study. All parents or guardians signed a written informed consent form, written
in Creole. If the guardian was illiterate, a trusted person read the consent form (Ethics approval
code 14-003).
3. Results
We assessed 278 infants, aged 8.08 ± 6.5 months (range: 13 days to 24 months); 41% were
younger than six months, 31% were 6–12 months, and 28% were 13–25 months. Overall, 53.2% were
female. There was no difference in age between girls and boys: 7.89 ± 6.05 and 8.31 ± 6.97 months,
respectively (Mann–Whitney test, p = 0.59). Table 1 shows the characteristics and living conditions
of the families. Most caregivers reported living near the Health Center, and the remaining came
mainly from areas where the camps of the displaced populations following the 2010 earthquake are
concentrated. Only 17.9% reported living in camps and/or housing made from lightweight materials.
Parental employment was 34.5%, mostly small-scale trade jobs.
Table 1. General sociodemographic information in in 278 infants that attended the Klinik Saint Espri
Health Center, Port au Prince, Haiti (August to September 2014).
Sociodemographic Characteristics Percentage
Housing Located in Croix de Bouquetes 70.77%
Lightweight material houses or camp 17.9%
Parental work Any kind of work: formal/informal 34.5%
Parental education
Completed primary education 43.5%
Illiterate 15.35%
Never attended to school 6.5%
Number of children
One child 35.7%
Two or three children 41.8%
Four or more children 22.5%
Median maternal age was 28 years range: (16–46 years). 43.5% of surveyed mothers had completed
primary education, and 6.5% had no schooling. 15.35% of caregivers were unable to sign their names
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upon request (classified as illiterate). 35.7% of mothers reported having one child, 41.8% two or three
children, and 22.5% four or more.
3.1. Prevalence of Malnutrition
Table 2 shows the prevalence of malnutrition according to various indices: 18.35% were
underweight (weight/age <−2 SD); 13.31% had stunting (length/age <−2 SD); and 13.67% had
moderate or severe wasting (weight/length <−2 SD). It is noteworthy that 10.8% had microcephaly
and only 4.67% had low brachial perimeter.
The curves for the anthropometric indices were displaced to the left relative to the WHO standard,
both globally and by age and sex (Figures 1 and 2). Importantly, only 30.6% of the infants with zW/L
<−2 SD (acute malnutrition or wasting) were enrolled in the Malnutrition Program of the Health
Center. None of the children had edema.
Table 2. Nutritional status in 278 infants seen at the Klinik Saint Espri Health Center, Port au Prince,
Haiti (August to September 2014).
Anthropometric Index Nutritional Diagnosis Degree z-Score (WHO 2006) Prevalence (%)
Weight/Age
Underweight Severe z W/A ≤ −3 6.12
Moderate z W/A −2 to −3 12.23
Normal z W/A −2 to +2 80.22
Overweight z W/A ≥ +2 1.44
Weight/Length
Wasting Severe z W/L < −3 3.60
Moderate z W/L −2 to −3 10.07
Normal z W/L −2 to +2 84.9
Overweight and obesity z W/L > +2 1.80
Length/Age
Stunting z L/A < −2 13.31
Normal z L/A −2 to +2 85.25
Tall z L/A > +2 1.44
Head
circumference/Age
Microcephaly z HC/A < −2 10.80
Normal z HC/A −2 to +2 86.68
Macrocephaly z HC/A > +2 2.52
Brachial
Circumference/Age
Low z BC/A < −2 4.67
Normal z BC/A > −2 95.33
Figure 1. Distribution of L/A z-scores by sex* in 278 infants and young children seen at the Klinik
Saint Espri Health Center, Port au Prince, Haiti (August 2014). Footnote: The green line indicates the
WHO 2006 standard; the yellow line represents males and the red line females. * ANOVA, p = 0.029.
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Figure 2. Distribution of L/A z-scores by gender* in 278 infants and young children who attended the
Klinik Saint Espri Health Center, Port au Prince, Haiti (August 2014). Footnote: The green line indicates
the WHO 2006 standard; the light blue line represents children between 0 and 6 months, the lilac children
between 6 and 11 months, and the blue children between 12 and 24 months (* ANOVA, p = 0.038).
3.2. Malnutrition by Sex and Age
We found a non-significant trend of lower zW/A in male versus female infants, at −1.01 ± 1.44
versus −0.716 ± 1.29, respectively (Student’s t-test, p = 0.07). We also observed a non-significant
trend of lower z W/A in older infants: 0–5 months: −0.69 ± 1.46, 6–11 months: −0.85 ± 1.32,
and 12–24 months: −1.1 ± 1.25, respectively (ANOVA, p = 0.13). Male infants had a significative
lower z L/A compared to females (Figure 1), and older infants had a lower z L/A than younger
infants (Figure 2). There was a non-significant trend for lower z W/L in male versus female infants:
−0.61 ± 1.15 versus −0.73 ± 1.38, respectively (Student’s t-test, p = 0.42). Finally, there was a tendency
towards higher z W/L in younger infants: −0.55 ± 1.39 (0–5 months), −0.70 ± 1.14 (6–11 months),
and −1.80 ± 1.20 (12–24 months) (ANOVA, p = 0.38).
3.3. Malnutrition According to Family Characteristics
Children of mothers lacking formal education had significantly lower z W/A, z L/A, z HC/A,
and z BC/A scores than those of mothers with primary or secondary education (Figure 3),
with a non-significant trend for z W/L. There was no difference between children of mothers with
primary versus secondary education.
Children from older mothers had lower z W/L: −0.31 ± 1.38 (mothers <20 years of age),
−0.55 ± 1.20 (mothers 20–29), and −0.89 ± 1.11 (mothers ≥30 years old) (ANOVA, p = 0.015). There
was an inverse correlation between maternal age and z W/L (adjusted R2: 1.9, p = 0.013).
We observed lower anthropometric z-scores in families with more children; z W/A scores were
−0.62 ± 1.19 in one-child families, −0.94 ± 1.30 in families with 2 or 3 children, and −1.14 ± 1.50
in families with 4 or more children (ANOVA, p = 0.04). The mean z BC/A were: −0.40 ± 0.96,
−0.42 ± 1.09, and −0.90 ± 1.29, respectively, for the same groups (ANOVA, p = 0.05). There were no
significant differences based on place of living or paternal employment.
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Figure 3. z-score of anthropometric indices according to maternal education, in 278 infants seen at
the Klinik Saint Espri Health Center, Port au Prince, Haiti (August 2014). Footnote: 95% Confidence
Interval, medians represented by black circles. * p < 0.05, ANOVA. Comparing children from mothers
lacking formal education with those with mothers having primary or secondary education.
3.4. Feeding Practices
The number of cases used to calculate each feeding practice indicator was heterogeneous, given the
different sizes of groups by age. Overall adherence was between 98.21% (children ever breastfed) and
3.1% (consumption of iron-rich foods). Adherence to complementary feeding practices was lower than
adherence to recommended breastfeeding practices (Figures 4 and 5). Malnourished children were less
likely than healthy children to have met recommendations for breastfeeding practices. The differences
were significant for: exclusive breastfeeding at 6 months (p = 0.032) and age-appropriate breastfeeding
(p = 0.029). We defined age-appropriate breastfeeding according to the following feeding practice
indicators [6]: Infants 0–5 months of age who received only breast milk during the previous day and
children 6–23 months of age who received breast milk as well as solid, semi-solid, or soft foods during
the previous day, according to the 24-h dietary recall. Adherence to complementary feeding indicators
was higher among healthy than malnourished children, although the difference was only significant
for “Milk feeding frequency for non-breastfed children”.
The association between adherence indicators and malnutrition is shown in Table 3; more
breastfeeding practice indicators than complementary feeding practice indicators were associated with
malnutrition. Adherence to many of the recommended feeding practices was significantly lower in
children with wasting, stunting, and malnutrition than in healthy children.
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Figure 4. Indicators of breastfeeding practices recommended by WHO in 278 infants seen at the Klinik
Saint Espri Health Center, Port au Prince, Haiti (August 2014): Percent adherence in the total group,
children with wasting, and healthy children. Footnote: Wasting is defined as W/L <−2 SD according
to the WHO 2006 standard. * p < 0.05, Chi2 test.
 
Figure 5. Indicators of adherence to complementary feeding practices (WHO 2008): prevalence in
the total group, in children with wasting, and in healthy children. Footnote: Wasting is defined as
W/L <−2 SD according to the WHO 2006 standard. * p < 0.05 test Chi2 test.
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Table 3. Association between breastfeeding or complementary feeding indicators (WHO, 2010) and
malnutrition, in 278 infants and young children seen at the Klinik Saint Espri Health Center, Port au
Prince, Haiti (August 2014).
Indicator
Nutritional Status # (p)
Wasting Underweight Stunting
1. Children ever breastfed 0.92 0.59 0.13
2. Early initiation of breastfeeding 0.21 0.002 * 0.04 *
3. Exclusive breastfeeding under 6 months 0.09 0.32 0.59
4. Predominant breastfeeding under 6 months 0.97 0.000 * 0.02 *
5. Exclusive breastfeeding at 6 months 0.03 * 0.003 * 0.54
6. Continued breastfeeding at 12 months 0.73 0.82 1.00
7. Continued breastfeeding at 24 months 0.16 0.54 nv
8. Age-appropriate breastfeeding 0.03 * 0.20 0.20
9. Introduction of complementary foods 0.83 0.97 0.34
10. Minimum dietary diversity 0.10 0.11 0.90
11. Minimum meal frequency 0.75 0.70 0.90
12. Minimum acceptable diet 0.21 0.049 * 0.35
13. Milk feeding frequency for non-breastfed children 0.02 * 0.06 0.23
14. Consumption of iron rich foods nv nv nv
# Malnutrition was defined according to z-scores <−2 SD (WHO 2006 reference). * Chi2 test for comparisons against
children with normal nutritional status (z-scores −2 to +2). p < 0.05 was considered significant.
4. Discussion
The present study shows a high prevalence of malnutrition among Haitian infants and young
children seen at an outpatient health center near Port Au Prince. Malnutrition rates were related to
several maternal and child characteristics. Associations between malnutrition and adherence to the
WHO’s recommended feeding practices varied, with a possible protective effect of breastfeeding. This
is the first study exploring this association in a pediatric Haitian population.
This sample of 278 children represented approximately 80% of the children in this age group seen
at the Klinik Saint Espri Health Center during the one-month study period. Patients at this health
center mainly live in the nearest commune, Croix de Bouquetes [15]. While assessment over a short
period may under- or overestimate malnutrition due to seasonal variations in food access, this urban
sample is less susceptible to this issue than other populations.
The prevalence of underweight (18.35%) and wasting (13.67%) was higher than in a 2012 national
survey [1]: 11.6% and 5.2%, respectively, but stunting was lower: 13.31% vs. 21.90%
Despite changes from the reference standards used in studies since 2010 [16], an observed historical
trend [1] reflects a general improvement of nutritional indices in Haiti. Our results are most consistent
with data obtained in the most recent studies. The principal differences between our study and
others may be attributed to the lower age of our sample: younger than 2 years versus up to 5 years
in the national studies cited [1–3,5,17]. Previous reports in Haitian children found that that 18.5%
were underweight, 10.3% had wasting, and 29.7% had stunting [1,2,5]. Our results were similar
except for a higher rate of stunting in the previous study, likely due to the different historical period,
the use of the 2006 WHO standard [16], and the inclusion of older children, as stunting is usually
a consequence of long-term malnutrition [18,19]. It is also important to consider that children with
acute malnutrition are more likely to visit the health services due to more frequent illness or a referral
to the Malnutrition Program.
The higher prevalence of wasting in males differs from other international [18] and Latin American
reports [20] but is consistent with other from Haiti [3]. Cultural practices that might explain this trend
include a higher milk-formula feeding and an earlier introduction to solid foods in male. In addition,
higher nutritional impairment in older children is expected [19]. Higher maternal age and larger
number of children per family were associated with malnutrition possibly due to progressive poverty
in larger families. These risk factors are possibly modifiable by early-life educative interventions and
support [21,22]. Maternal education influences the ability to provide adequate food, stimulation and
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a cleaner environment for the child [23,24]. In the present study, few mothers reported no access to
education, a probable underestimation because 15.3% were illiterate and their children had smaller
head circumference, indicator of poorer future cognitive function [11,24]. We found association
between maternal education and not only of cranial perimeter, but also of H/A, W/A and PB/A,
reflecting its importance.
Indicators of adherence to feeding practices in the present study were similar to those reported in
a 2005–2006 WHO study [6]; however, that study was conducted nationwide and did not explore the
association between malnutrition and feeding practices. There are no data available for comparison at
the local level. We found a lower adherence to recommendations regarding continued breastfeeding at
two years, age-appropriate breastfeeding, minimum meal frequency, and minimum acceptable diet than
the older study. On the other hand, we observed a greater adherence to exclusive breastfeeding until
6 months, predominant breastfeeding until six months, and minimum dietary diversity. An aggressive
program to educate and follow up mothers has had a possible positive impact on awareness of the
importance of breastfeeding up to six months of age. However, a lack of promotion of continued
breastfeeding may have increased the use of breastfeeding substitutes, as shown by the low values for
indicators of breastfeeding in infants older than 12 months and age-appropriate breastfeeding. The most
specific indicator to assess breastfeeding is exclusive breastfeeding at six months; it shows the greatest
in nutritional impact, whereas the other results are mixed. This result is logical, as there is a drop in
weight indices at around six months of age, and this indicator groups the children who have managed to
continue exclusively breastfeeding until the end of the 0–6-month period. The impact of early initiation
of breastfeeding may be reflected in more successful long-term breastfeeding; suggesting an opportunity
for an intervention with potential impact at the population level [21,25].
We found a lower prevalence of wasting in children who met feeding recommendations, especially
some of the breastfeeding practices. Although some trends were not statistically significant for
all complementary feeding practice indicators, it should be noted that improving the diet with
currently-available local foods may have a protective effect; such cultural issues must be recognized
in designing an intervention [21,22,24–32]. However, WHO recommendations [9,10] refer only to food
frequency or food groups, not to portions; therefore, real intake may vary according to context, customs,
and food availability.
One limitation of our study, with implications for the analysis of the impact of breastfeeding practices,
was the difficulty to obtain records for birth weight, gestational age or prematurity. Undernutrition during
the first months of life could therefore be overestimated. Since our study was conducted in a limited
area within a homogeneous population, we used a convenience sample, prioritizing the recruitment of as
many children as possible. Although we compared our results with the reference data available from
national surveys of the general population [2–5], our target population consisted of children seen at a local
primary health center [15].
The size of the sample in the present study is lower than other studies in Haiti, but large in
relation to the center’s consulting population. These aspects limit partially the application to the general
Haitian population.
The reasons for the health center visits were mainly preventive and were not included in this
analysis. We did record children who were enrolled in the child malnutrition program, to detect
potential biases associated with this variable. This result is not reported in detail, and no additional
analyses were performed, as only a small percentage of the sample was enrolled in the program.
Exclusion criteria included referral to urgent care, serious illness, and/or clinical dehydration, as these
conditions can temporarily lower weight, thereby leading to a false positive diagnosis of malnutrition.
Finally, although the health center is low-complexity, the study population is at greater risk than
the general population given the younger age range and the need to visit a health center. This is
a relevant analysis at the local level, especially for planning activities designed to prevent and manage
malnutrition. The practical implication for the health center is that any child visiting the center is
at elevated risk for undernourishment as compared to the national population; and in agreement
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with other studies [19], the peak of acute malnutrition (and the possibility of timely treatment) occurs
before 2 years of age, and more specifically between six and 24 months. By analyzing the association
of nutritional status with feeding and lactation practices, we contribute more precise information that
can be used locally to develop possible strategies.
As a strength of the study, we developed and administered our own survey after considering
studies from other developing countries, selecting items that could better describe this population
and contribute to guiding future interventions. The center´s staff participated in and assessed the
survey, so the local relevance of the study is strong; however, these findings can also be extrapolated
to similar settings. A major difficulty for health centers in developing countries is planning actions
beyond everyday contingencies and global recommendations, in a context of limited resources [31–34].
In the present study, we implemented a simple methodology with low technological and technical
support requirements, which allowed us to obtain relevant data from the target population [32].
5. Conclusions
In conclusion, we found a significant prevalence of child malnutrition, especially among males and
older infants. Maternal illiteracy, older maternal age, and larger numbers of children per family were
associated with higher rates of malnutrition. We found that low adherence to WHO-recommended
feeding practices was also associated with malnutrition; good breastfeeding practices may be
an important protective strategy.
According to evidence-based practices currently recommended by the WHO [21,22,30,33–35],
our results indicate that the principal recommendations for improving nutritional status in this
population are early initiation of breastfeeding, exclusive breastfeeding for infants under six months,
continued breastfeeding to two years of age, and complementary feeding beginning at six months and
no later. We also recommend strengthening the existing malnutrition program to target the groups
of children at the highest risk of malnutrition identified in this study. We hope that our study will
contribute to increased awareness in the target population of the Klinik Saint Espri and other health
centers and guide child nutrition interventions, using the strengths and resources available in the
health center and the community.
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Appendix A
Survey used in the study, in Haitian Créole and in English:
1. Identification and general characteristics of the patient
2. Brief social evaluation
3. Nutritional information
3.1. 24-h dietary recall
3.2. Use of nutritional supplements
3.3. Additional breastfeeding questions
4. Anthropometry
Additional page: calculation of individual indicators of feeding practices (WHO 2003).
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Figure A1. Patient Record <<Influence of Feeding Practices on Malnutrition in Haitian Infants and
Young Children>>.
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Figure A2. Calculation Indicators of Feeding Practices (Not asked, this sheet is attached later).
Appendix B
Example of common plates and glasses obtained from local businesses and models of common
foods with painted plastic foam used for assessing portion size in 24-h dietary recall.
 
Figure A3. Pictures of plates and glasses from local businesses used for assessing portion size.
The plates were code labeled and corresponding volume was mesured.
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Figure A4. Picture of foam models used to assess portion size, they mimic most common food choices
for children in different servings. Models were code labeled.
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Abstract: This study evaluates the healthfulness of the meals offered to and consumed by low-income
Brazilians in Popular Restaurants (PR). It is a cross-sectional, exploratory study. The final sample
includes 36 PRs, respecting the stratification criteria for each of the five Brazilian regions. To identify
the quantity and quality of food consumption, consumers’ meals are evaluated. The sample
calculation uses a minimum of 41 consumers in each PR. Consumption evaluation is carried out
by weighing and direct observation of the meal that each consumer served to his plate. Each dish
of the meals had its Technical preparation files (TPF) developed by observing the production and
weighing all the ingredients. Evaluations of Energy density (ED), meal’s weight components and
sodium composition are conducted. Plate’s composition is compared to “My plate” guidelines
United States Department of Agriculture (USDA). The final sample includes 1771 low-income
Brazilians consumers. The plate of PRs consumers is adequate only for the “protein group” in
comparison to “My plate”. Rice and beans compose more than 50% of the plate’s weight, as expected,
since it is a Brazilian habit of consumption at lunch. Thus, grains are the major group consumed
by PRs consumers. The average ED for all PRs is 1.34 kcal/g. Regarding sodium content, rice and
main courses presented the highest values and are classified as high, according to Food and Drug
Administration (FDA). Concerning sodium, PRs are putting Brazilian low-income population at risk
for chronic diseases. However, in general, PRs are good choices because they promote access to cheap
and quality traditional Brazilian foods.
Keywords: low-income population; popular restaurant; lunch; energy density; nutrition
1. Introduction
Popular Restaurants (PR) is an assistance program created by the Brazilian Government and it is
characterized as food service units that offer inexpensive and healthy meals to low-income population
in Brazil [1,2]. The purpose of this program is to guarantee the social rights of feeding, consolidated by
the Universal Declaration of Human Rights [3]. It is also to improve health of low-income population,
since food access and choices have a substantial impact on prevention and treatment of several
diseases [4–6].
In the last decades, globalization and modernization have been changing feeding habits.
A consumption increase of fatty and sugary industrialized foods, with high energy density (ED)
and low fiber content can be verified. Further, people have no time to prepare meals and they are
frequently eating out. In Brazil, eating out represents, to low-income population, an access to snacks
that are cheap, easy and fast to intake. Usually, they have inadequate nutrients and poor sanitary
conditions [2,7,8]. This situation results an increase of chronic and foodborne diseases that are very
common in low-income population in developing countries such as Brazil [4–6]. Besides this panorama,
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we have many people that do not have access to food, or to good quality meals to guarantee survival
and health.
Despite the need of eating out and knowing the difficulties to access healthy food, the Brazilian
government provides more than 120,000 daily meals through the PRs. In this plan, PRs have to offer
access to healthy and cheap meals as well as improve cultural food habits to low-income population [2].
However, there is no report about evaluation of this social program as a tool to promote health
and to guarantee food access to low-income population in the literature. Then, the aim of this study
is to evaluate the healthfulness of the meals offered to and consumed by low-income Brazilians in
Popular Restaurants (PR).
2. Materials and Methods
This research is transversal and exploratory based on direct documentation. The Research Ethics
Committee (Protocol No. 0372/10) approved it.
2.1. Sampling
To select PRs, we used the following inclusion criteria: (i) a food service belonging to the
Popular Restaurants program of the Brazilian Federal Government; (ii) signature of the Institutional
Acknowledgement Agreement by the dietitian responsible for the food service; (iii) open during lunch;
and (iv) service of more than 500 meals daily. Given the inclusion criteria, 65 PRs were eligible to be
part of the study. From the selected population (N), the sampling plan was calculated considering
an error (e) of a daily meal and a level of significance (α) of 5% [9]. A simple random sample was
estimated through the procedure “survey select” of the SAS 9.1.3 program. The final sample included
36 PRs, respecting the stratification criteria for each of the five Brazilian geographical regions.
To identify the quantity and quality of food consumption, consumers’ meals were evaluated.
A minimum sample of 41 consumers in each PR was necessary. The inclusion criteria were: be a
frequent consumer (more than 3 times a week) and be over 18 years old. The excluding group from
the sample was pregnant women because of different nutritional needs. The individuals’ selection
occurred while they were waiting in line to serve their meal at lunchtime (self-service). Invitations to
participate occurred to the first person in line, then the 15th person, and this pattern was used until
sample was completed. Participants signed the acknowledgement and agreement term and evaluation
occurred during 4 days at the PRs. On the first day, participants were recruited and, on the other 3 days,
their meals were weighed and evaluated. After recruitment, the same participant continued evaluation
for the rest of the study. For this study, participants had to complete the three days of consumption
evaluation to be qualified. Social demographic variables, sex and age groups (<21 years old, 21–30,
31–40, 41–50, 51–59 and ≥60 years old) were used to qualify the analyzed variables of this study.
The analyzed variables were: (i) the weight of the meal (g) of each component of the meal,
e.g., main course (protein preparation offered on the menu, usually of animal origin and decisive for
the selection of other items), garnish (menu item accompanying the main course, which may have as
main ingredients vegetables, pasta, tubers, and cassava flour dishes), side dishes (items such as rice and
beans, culturally daily consumed by the Brazilian population), salad and dessert (fruit or sweets) [10];
(ii) the portion of each component on the plate; (iii) the consumption of fruit and vegetables; (iv) the
composition of garnish (pasta or vegetable) and desserts (sweets or fruits); and (v) the energy density
of the meal.
2.2. Consumption Evaluation
The consumption evaluation was carried out by weighing and direct observation of the meal
that each consumer served in his or her plate, according to the procedures proposed by Savio, Costa,
Miazaki and Schmitz [11]. The meal weight was measured to relate the percentage of each dish
preparation in the meal composition. It was important to check the meal weight on a scale to evaluate
whether the observed portions of each dish were correctly described.
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To evaluate the nutritional composition of the meals, we developed technical preparation files
(TPF) according to the protocol proposed by Camargo and Botelho [12]. Based on the data recorded in
the TPFs, the nutritional value was calculated using the information available in the Brazilian Food
Composition Table [13]. When this information did not exist, we used scientific publications and labels
on processed food products and then entered the information into the system database (DietWin®,
Porto Alegre, Brazil).
The nutritional analysis was carried out considering the Total Energy Value (TEV) (2000 kcal/day) [1]
as a benchmark, following the Brazilian guideline recommendation. The Brazilian Surveillance agency
uses 2000 kcal as the energy parameter for nutrition labeling in the Brazilian products. We considered
that the lunch meal should provide 40% of TEV [1]. After the calculation of the energy values of each
preparation in 100 g of food, we calculated ED expressed in kcal/g of food. According to the Centers
for Disease Control and Prevention [14], the preparations were classified as: high energy density (4 to
9 kcal/g), medium energy density (1.5 to 4 kcal/g), low energy density (0.7 to 1.5 kcal/g) and very low
energy density (0 to 0.6 kcal/g). The results of these analyses helped to evaluate if the PR program is
promoting access to quality food and health.
For sodium evaluation, we compared the results to the Food and Drug Administration standards
for sodium content of foods [15]. They considered a general rule of 5% daily value (DV) or less of
sodium per serving is low; 20% DV or more is high. Additionally, FDA settles that 140 mg of sodium
or less per serving is “low sodium”; 35 mg of sodium or less per serving is “very low sodium”.
In some PRs, Salt sachets were available to consumers who could add salt to their plate before
consumption. This salt addition was not measured, and this could be a possible bias of this research.
Therefore, sodium results might be underestimated.
2.3. Statistical Analysis
Descriptive analysis was carried out by SPSS 20® software. The amount of dietary preparations’
intake (in grams) and the consumption of fruits and vegetables were adjusted considering intrapersonal
variability to estimate the usual consumption of individuals through MSM® software (2012).
T-test was used for comparisons between sexes and ANOVA for comparisons among age group
and sexes. It was established that p < 0.05 was statistically significant.
3. Results and Discussions
The final sample included 1771 low-income Brazilians consumers (60% male and 40% female;
age range 45 ± 17.39 years) distributed proportionally among the PRs of the five regions of Brazil.
Healthy eating is a mix of many factors, including stage of life, preference, access to food, culture,
and traditions. The PRs were created to promote access to food respecting habits and meal quality.
In Brazil, lunch is the main meal and PRs are open for it from 11:00 a.m. to 2:00 p.m. to guarantee
access to a greater number of consumers. Menu is the same from the time the PR opens until it closes.
According to Brazilians food habits, PR menus should include the following preparations: rice
(grains), beans, main course (protein), garnish (pasta, some cooked vegetables or other carbohydrate
dishes such as couscous and “farofa” (manioc flour dish)), salad and dessert [2]. It is important to
highlight that all PRs offer a fixed meal composed of one protein dish (main course), one garnish, one
type of rice, one type of beans, a mixed salad, and one type of dessert. Therefore, consumers only have
one menu option each day they eat at the PR. Energetic value and sodium intake are related to the
mean portions consumed by the population of the whole study. PRs are located in different regions,
but since they are part of a governmental program, all of them have to offer an equal fixed number of
dishes. They may vary the type of protein, garnish, salads and desserts, but not the number of options.
Figure 1 represents the composition of the main plate (percentage of weight) consumed by
low-income Brazilians in PRs and the distribution according to recommend groups of “My plate”
(USDA). According to “My plate”—United States Department of Agriculture (USDA) food guide—
the plate should have the composition of 20% protein group; 30% grains group; 30% vegetables group;
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and 20% fruit. “My plate” illustrates (proportionally in the plate) groups of foods that should be
present and consumed for a healthy diet.
Figure 1. Plate composition by type of preparation consumed by low-income Brazilians in Popular
Restaurants and distribution according to recommend groups of “My plate” United States Department
of Agriculture (USDA) groups.
The PR consumers’ plate is adequate only for the “protein group” in comparison to “My plate”.
In the USDA guide, all foods made from meat, poultry, seafood, beans, peas, eggs, and soy products
are in the “protein group”, which recommends 5–6 portions daily. Thus, PRs should provide
2.0–2.5 portions (40%) of this group. In our study, PRs consumers ate about 117.88 g ± 21.76 of
the main course (protein group) and 139.67 g ± 48.52 of beans. According to “My plate”, beans are
part of the “grains group” and “protein group”. In Brazil, we consume beans with 50% broth and
50% beans, so we have an average amount of 70 g of beans. Considering that beans have about
5% protein (according to the Brazilian composition table) [13], we considered this percentage as
part of “protein group” and added the remaining percentage to “grains group”. Therefore, at lunch,
low-income Brazilians consumed about 2.5 portions of the protein group. It is important to highlight
that protein/meat is the most expensive group of foods in Brazil. Probably, low-income population
would not buy these products to eat at home. Thus, the highest consumption of this group at PRs is
important to guarantee protein access and to promote a balanced and healthy diet during the day.
Evaluating protein group consumption, there was no statistical difference between males and
females (p = 0.063). However, there was a significant difference among age groups: females over 60 and
less than 21 years old ate less protein than the other age groups (p < 0.00), while males over 51 years
and younger than 21 years ate less protein (p < 0.00).
We highlight that in our study rice and beans comprise more than 50% of the weight of the plate,
which was expected since it is a Brazilian habit of consumption at lunch. Thus, grains are the major
group (53%) consumed by PRs consumers. It is almost 2× greater than “My plate” recommendation
for this group. Comparing to this food guide, people need to consume 6–7 portions of grains (rice
is included) daily. In Brazil, we consider that the lunch meal should provide 40% of TEV [1], so we
have to guarantee 2.4–2.8 portions of grains (about 230 g) at lunch. In our study, the average rice
portion was 181.93 g ± 74.93 (Table 1) and pasta consumption (as a type of garnish) was 79.42 ± 39.35.
We also have to include part of the beans’ weight. Therefore, the grains group amount consumed at
lunch in PRs was about 330 g, more than the USDA recommendation. Table 1 shows TEV and the
average consumption of meals, ED and sodium density (SD) of each preparation that compose the
plate (in grams).
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Table 1. Average and standard deviation (SD) of consumption (grams), total energetic value (TEV)




Rice Bean Main Course Garnish Salad Dessert
Meal weight ± SD (g) 648.34 ± 133.08 181.93 ± 74.93 139.67 ± 48.52 117.88 ± 21.76 86.56 ± 23.44 51.70 ± 20.47 70.50 ± 37.76
Energetic value ± SD
(kcal) 881 ± 222.02 147.93 ± 60.3 108.80 ± 61.20 213.25 ± 92.54 151.85 ± 133.01 35.02 ± 20.94 68.60 ± 46.90
Energy Density ± SD
(kcal/g) 1.34 ± 0.25 1.48 ± 0.60 1.09 ± 0.61 2.13 ± 0.93 1.52 ± 1.33 0.35 ± 0.21 0.97 ± 1.32
Sodium content
(mg/portion) 2362.87 795.03 445.54 749.72 241.50 118.39 12.69
Sodium Percent Daily
Value (% DV) 98.45 33.13 18.56 31.24 10.06 4.93 0.53
The consumption of rice and beans (together) is a Brazilian habit at lunch. Barbosa [16] evaluated
Brazilians food habits (2136 participants) and 94% of Brazilian’s meals showed the combination of rice
and beans in their study. The amino acids combination of these two groups represents the major part
of Brazilian’s protein intake [17].
Despite the recommendation from the Brazilian Food Guide (BFG), [18], we observe that the
consumption of rice and beans at home has been declining over time [19]. The explanation could be
the reduced time to prepare food at home. Therefore, the PRs are contributing to this consumption
within low-income Brazilians with low cost.
The adequate consumption of fruits and vegetables is associated to the reduction of chronic and
cardiovascular diseases [20]. According to WHO/FAO, the individual recommendation of fruits and
vegetables intake is about 400 g/day. In our study, we verified the consumption of 122.44 g ± 33.04 of
fruits and vegetables, which represents about 30% of the daily recommendation, not the expected 40%.
In comparison with “My plate”, fruit and vegetables should compose 50% of the graphic representation
of the plate, while only 27% of this group were on the PRs plates. Men consumed more salads and
vegetables than women (p = 0.000; p = 0.003). When comparing groups by age, the population over
60 years and the ones younger than 21 are statistically different from the groups between 21 and
40 years (p = 0.000), eating less salads.
Corroborating with our data, Levy, Claro, Mondini, Sichieri and Monteiro [21] showed that
the availability and the consumption of fruits and vegetables at home in Brazil is under the
recommendation, contributing only 2.8% of daily TEV per person. Fruits and vegetables are very
perishable and demand frequent shop and adequate storage. Therefore, it is improbable that
low-income Brazilians consume large amount of these products outside of PRs to compensate
low consumption there. Besides, “My plate” USDA guide recommends the plate’s composition
be 50% fruits and vegetables, which does not occur in meals consumed by low-income Brazilians in
PRs. In this viewpoint, PRs are not providing all the needs for fruits and vegetables to promote health.
The consumption of fruits (68.05 g ± 47.68) in PRs is 2.5× higher than the offer of sweet desserts
(24.40 g ± 30.25). When comparing fruit consumption between male and female, there were statistical
differences with higher consumption on the male group (69.18 g, p = 0.026). Statistical differences
among age groups were not observed (p = 0.451, female; p = 0.805, male). It is important to highlight
that the sweet desserts offered in PRs were made from fruits with sugar (such as guava paste, banana
candy paste, and coconut candy). It is a very important data showing that PRs are not providing the
total amount of fruits, but they are careful on planning more fruits than sweets for desserts to avoid
health damage. Another relevant aspect is that in Brazil we consume higher amounts of fruits for
breakfast and snack meals. Since we evaluated only lunch, it is not possible to guarantee that the fruit
consumption during the day is under recommendation.
In general, the average energy intake for low-income Brazilians in PRs lunch was 881 kcal
(±222.02). There were no statistical differences among sex (p = 0.145). It is higher than recommended
by the Brazilian Worker Food Program (WFP) of 800 kcal [1] to guarantee adequate energy intake to
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maintain the organism. If the energy intake was the single parameter to guarantee health, the PRs
program would be reaching its goal. However, PRs should guarantee food quality access.
The ratio of the energetic value and the weight of the meal is estimated by ED which is one of the
coefficients that increases obesity and overweight or underweight on population, and foods ED affects
population health [22].
The average of ED for all PRs, in this study, was 1.34 kcal/g (±0.25). This value is higher than the
American Institute for Cancer Research’s [23] recommendation (1.25 kcal/g). The EDs shown in our
study were smaller than the EDs presented by Stella [24] (1.98 kcal/g) and Canella [25] (1.43 kcal/g).
The first one evaluated the ED consumption of 710 consumers in São Paulo/Brazil. Canella [25]
evaluated the ED of menus offered by 21 food service in São Paulo/Brazil. ED varied among the five
regions, being higher in the north (1.51 kcal/g ± 0.16) and lower in the south (1.15 kcal/g ± 0.12).
Differences were not observed between the center-west region and the southeast region (p = 0.701).
All other comparisons of ED were statistically different (all p values = 0.000).
Energy density as a measurement of overall diet has been the focus of many recent studies.
The high-ED foods or meals are known as an “obesity-inducing dietary pattern”. High ED diets
are rich in fat and energy, but low in fiber, fruits and vegetables. Moreover, higher ED is inversely
related to diet quality, which may encourage weight gain, increase the risk of metabolic syndrome and
diabetes [26–28].
In this study, 78.1% were low ED (and 21.9% were medium ED). Although most meals presented
low ED, the average TEV is in accordance with WFP recommendation. It could be explained by
the portions size of the food offered by PRs, especially rice and beans that presented low mean ED.
Main courses had higher EDs. These data show that the PRs are offering meals with expected ED
adequacy, contributing to prevent overweight, obesity and other chronic diseases associated to high
ED food consumption. However, it is important to encourage the population to consume more fruits
and vegetables for better micronutrients intake.
The Institute of Medicine has alerted to reduce salty foods [29], and the FDA set standards for the
sodium content of foods [15]. They considered a general rule of 5% DV or less of sodium per serving is
low; 20% DV or more is high. Additionally, FDA settles that 140 mg of sodium or less per serving is
“low sodium”; 35 mg of sodium or less per serving is “very low sodium”.
Regarding sodium content, rice and main courses presented the highest values and according to
FDA are high in sodium [15]. Rice presented the highest value because it represents the biggest portion
on the plate. Main courses did not represent big portions, but PRs generally use pork sausages, hot dog
sausages and jerked beef that are cheap, but present high sodium content. All others are classified as
medium Sodium Density, except salads and desserts groups which presented low sodium and very
low sodium, respectively. It is important to emphasize that the mean sodium content at lunch meal
(considering all the preparations and respective portion of the day) was about 2400 mg. This sodium
amount in only one meal represents the total sodium expected for an entire day. Furthermore, the total
meal sodium content might be underestimated, since the salt sachet was not considered.
4. Conclusions
These data are alarming, and PRs need to review their TPF to lower sodium contribution and
highlight the importance of increasing the consumption of vegetables and fruits. It is also important to
increase the offer of low ED foods. In some PRs, the sodium intake could be even worse if consumers
added extra salt to their plates.
Concerning sodium, PRs are putting Brazilian low-income population at risk for chronic diseases,
mainly cardiovascular diseases [29,30]. A better menu planning is necessary in these restaurants to
guarantee sodium reduction throughout time, so the population can adjust without rejecting the new
preparations. However, in general, the PRs are good choices for low income Brazilians because they
promote access to cheap and quality Brazilian traditional foods. Better menu planning to increase
fruit and vegetables offer in place of grains group is necessary. Fruits should be the only option for
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desserts in PRs and educational strategies are necessary to encourage more salad intake. Protein offer
is adequate and it is important for this population because of its high cost. However, the negative
aspect is that this protein offer is often achieved with high fat and high sodium meat sources. Low cost
better option should be encouraged.
PRs contribute to promote health in low-income Brazilians overall (energy intake and
macronutrients distribution). This program is a big step to guarantee Brazilians the universal right to
food. However, in general, since the purpose of the program is to offer healthy food for low-income
population, menu planning should be the focus of the program. PRs are good choices for low-income
Brazilians because they promote access to cheap and traditional Brazilian foods, but better protein
quality, more vegetable and fruits and lower sodium content are major challenges to this program.
Further studies can be developed to evaluate this population after a longer period of consumption
at the PRs. Other variables such as lunch’s contribution on the daily intake and the type of food
acquired at home may bring new data to evaluate the program’s importance to these consumers.
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Abstract: (1) Background: The double burden of malnutrition has been increasing in countries
experiencing the nutrition transition. This study aimed to determine the relationship between
household food insecurity and the double burden of malnutrition, defined as within-household
stunted child and an overweight/obese mother (SCOWT). (2) Methods: A cross-sectional survey was
conducted in the urban city of Surabaya, Indonesia in April and May 2015. (3) Results: The prevalence
of child stunting in urban Surabaya was 36.4%, maternal overweight/obesity was 70.2%, and SCOWT
was 24.7%. Although many households were food secure (42%), there were high proportions of mild
(22.9%), moderate (15.3%) and severe (19.7%) food insecurity. In a multivariate logistic regression,
the household food insecurity access scale (HFIAS) category significantly correlated with child
stunting and SCOWT. Compared to food secure households, mildly food insecure households
had the greatest odds of SCOWT (adjusted odds ratio (aOR) = 2.789; 95% confidence interval
(CI) = 1.540–5.083), followed by moderately food insecure (aOR = 2.530; 95% CI = 1.286–4.980) and
severely food insecure households (aOR = 2.045; 95% CI = 1.087–3.848). (4) Conclusions: These results
support the hypothesis that the double burden of malnutrition is related to food insecurity, and the
HFIAS category is a predictor of SCOWT.
Keywords: food security; HFIAS; double burden of malnutrition; child stunting; Indonesia
1. Introduction
One of the primary public health problems of the 21st century is the obesity epidemic, affecting
over half a billion people worldwide [1]. In 2008, an estimated 1.46 billion adults were overweight
(body-mass index (BMI) ≥ 25 kg/m2), with 205 million men and 297 million women among them
categorized as obese (BMI ≥ 30 kg/m2) [2]. Obesity does not solely affect developed countries;
the developing countries of the world have also experienced great increases in prevalence [1]. Data from
the World Health Organization (WHO) show that developing countries in Africa and Southeast Asia
will soon face the levels of overweight currently prevalent in developed countries such as the USA [3].
In 2013, the prevalence of overweight and obesity among Indonesian males was 20%, while the
prevalence among females was already hitting 35% [4].
At the opposite end of the nutritional spectrum, the prevalence of undernutrition remains a major
public health problem. Although the United Nations’ efforts to combat malnutrition through the
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Millennium Development Goals (MDGs) have been progressing toward attainment [5], almost half
of all deaths among children under the age of five years are still attributable to undernutrition [6].
The World Health Organization (WHO) recently reported that approximately 45% of all deaths among
children under the age of five years were associated with under-nutrition in 2017 [7]. Furthermore,
the WHO data showed that 52 million children under age five were suffering from wasting, and
155 million children were stunted in 2016 [7], representing a 10 million decrease from the data in
2011 [8]. In developing nations, the problem of nutrient deficiencies that manifest in undernutrition
(underweight, wasting, and stunting) still persist, while the problems of overnutrition, such as
overweight and obesity, have increased rapidly. The 2006 Food and Agriculture Organization (FAO)
report referred to this phenomenon as a double burden of malnutrition, where under- and overnutrition
occur simultaneously among different population subgroups in developing countries [9]. Based on the
2013 National Health Survey, the prevalence of the double burden of malnutrition is around 11% [4] in
Indonesia, with some estimates much higher [10].
The double burden of malnutrition has raised public health concerns due to its consequences.
The double burden will manifest through the deficiency diseases of undernutrition, while simultaneously
leading to increases in the non-communicable diseases (NCDs) of overnutrition, such as obesity,
cardiovascular disease, type 2 diabetes mellitus, and hypertension. The present amount of NCDs accounts
for 80% of the total burden of disease mortality in developing countries; an estimated US $84 billion of
economic production will be lost from heart disease, stroke, and diabetes alone [11]. Hence, the presence
of the double burden of malnutrition will continue to burden the already inadequate and overextended
health budget in developing countries [12].
Within the peer-reviewed literature, the term “double burden of malnutrition” varies in use
among authors. Authors have addressed the double burden of malnutrition at the individual level [13],
household level [14–16], and population or country level [17–20]. The double burden occurring
within a household, as indicated by high prevalence of child stunting and overweight/obese mothers
(SCOWT), has been deemed largely preventable, due to mothers and children sharing the same
socioeconomic environment. Moreover, maternal parenting has been portrayed as a key factor to
prevent SCOWT, as mothers often control the purchase and distribution of food in the household [21].
A study in Indonesia revealed that in households experiencing the double burden of malnutrition,
women were less empowered and less involved in the decision-making process, resulting in higher
nutrition and health inequality when compared to normal households [22]. Hence, we hypothesize
that empowering women and involving them in the decision-making process for household matters,
including food purchasing, could potentially prevent double burden of malnutrition. In this scenario,
the role of the mother may be pivotal, but is also based on an assumption that households are not food
insecure, limiting access to adequate food, let alone foods enabling a healthy diet.
The evidence shows that food insecurity is one of the risk factors for child stunting, but there is
currently little evidence that food insecurity is risk factor for the double burden of malnutrition [5,15].
A cross-sectional study in rural Indonesia demonstrated that higher intakes of animal products was
protective against SCOWT [10]. A Guatemalan study revealed that households suffering from SCOWT
had the highest per capita animal protein consumption in the third quintile [15] and not in the lowest
quintile. The first quintile of per capita consumption indicates that the consumption among households
in this group was lowest compared to other households. One might expect that since their per capita
consumption was the worst, problems that include stunting only or SCOWT would likely be the
highest in this group, as an indication of limited food access. The problem of SCOWT, however,
was the highest in the middle (third) quintile group, which has higher per capita consumption than
the first quintile group. This was the opposite case to households with child stunting alone, where the
per capita food consumption was in the first quintile [15]. Hence, these SCOWT households are
believed to have some degree of food security that enables them to be placed in the middle quintile of
per capita food consumption. Such evidence has led researchers to hypothesize that food insecurity
is not associated with the double burden of malnutrition [15], as it was strongly associated with
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child stunting [5,15]. In this study, we aimed to determine the relationship between household food
insecurity, as measured by the categorization of the household food insecurity access scale (HFIAS)
and the prevalence of the double burden of malnutrition, as indicated by household’s with a stunted
child and an overweight/obese mother (SCOWT).
2. Materials and Methods
This cross-sectional study of food security and the double burden of malnutrition was
undertaken with individual assessments administered by trained interviewers in April to May 2015.
Urban households were selected using systematic cluster sampling methods from 14 integrated
health posts (“posyandu”) in Surabaya, Indonesia (Figure A1). Access to the existing secondary data
of a monthly child growth monitoring system was given upon approval from the District Health
Department in Surabaya, Indonesia. Based on these data, we determined a list of sub-districts in
Surabaya City that had high prevalence of child underweight relative to the national prevalence.
Sub-districts with a prevalence of child underweight of more than 15% were randomly selected as
survey locations. In each sub-district, randomization was performed to select the community health
post, so-called “posyandu” [23], as the point of anthropometric measurement. Mothers who came
for a monthly child health monitoring at the “posyandu” were asked to participate in the study and
provide informed consent. The inclusion criteria were: informed consent obtained, mother reported
no physical disability to walk for minimum 10 min continuously, and mother had a child under five
years old.
The power for the study was 82.5% designated to the prevalence of SCOWT, with a 95% confidence
interval or 5% alpha level and the population estimate of children under five years old in Surabaya City
used 2013 data (n = 181,263 children) [24]. Assuming a 50% response distribution, the minimal sample
needed was 662 participants. Accounting for a 5% non-response rate, we surveyed 700 households
with mothers and at least one child between two and five years of age. Excluding cases with missing
data or extreme values [25], 685 households were analyzed.
A survey questionnaire was administered by a trained research assistant for a one-on-one
interview in the mother’s house. The interview lasted approximately 30 min. The questionnaire
consisted of demographic characteristics; socioeconomic status (based on the Indonesian Basic Health
Research Questionnaire/IBHRQ); and food security, using the Household Food Insecurity Access
Scale (HFIAS). All questionnaires were translated into the Indonesian language and the survey was
delivered in a one-on-one interview using the Indonesian language (Bahasa). The HFIAS score ranged
from absolute food security (score = 0) to severely insecure (maximum score = 27). There were four
categories of food insecurity status, according to the HFIAS guidelines [26]: “food secure”, “mildly
food insecure”, “moderately food insecure” and “severely food insecure”. A reliability analysis was
performed to test the internal consistency for the nine HFIAS questions.
Anthropometric measurement was conducted in the “posyandu” by a trained research assistant,
including maternal weight, maternal height, child weight, and child height/length. Child height
and weight were assessed (in light clothing) using a stadiometer SECA 213 (Seca GmbH & Co. Kg,
Hamburg, Germany) and a Camry EB6571 digital scale (Camry Electronic Ltd., Guangdong, China) to
0.01 kg for weight. Maternal weight and height were assessed (in light clothing) using a Camry EB6571
digital scale and height rod (stadiometer SECA 213, Seca GmbH & Co. Kg, Hamburg, Germany).
Mothers were weighed and measured for height to determine obesity status. Child age in months was
assessed using two sources, first from the mother’s answers when interviewed, and second based on
the date of birth listed on the health monitoring card/registry in “posyandu”. If the month did not
match, we used the “posyandu” registry as the primary source. Child stunting was defined as a z-score
less than −2 standard deviations (SD) from the average height for age z-score (HAZ) based on the
Multiple Growth Reference Standard (MGRS) of the WHO in 2006 [27]. Quality management of the
HAZ data was applied using the cut-off for extreme values recommended by the WHO [25]. Children
with a HAZ of more than ±6.0 were excluded from the analysis. Maternal BMI was calculated based
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on the BMI formula using the appropriate cut-off for an Asian population, with overweight defined as
BMI of 23.0 kg/m2 to 27.4 kg/m2 and obese as a BMI of ≥27.5 kg/m2 or more. Finally, the double
burden of malnutrition, as measured by SCOWT, was defined by the combined occurrence of child
stunting and maternal overweight/obesity within one household.
We used a conventional Cronbach’s alpha of 0.65 to indicate that the questions in the HFIAS
had an acceptable internal consistency [28]. Descriptive statistics were used to illustrate household
characteristics and to determine the prevalence of the outcome variables. Potential predictors of child
stunting, maternal overweight/obesity and SCOWT were determined by univariate logistic regression,
including maternal literacy, maternal education, family type, number of children and number of
children under the age of five years in the household, maternal occupation, paternal occupation,
household monthly income, household food expenditure, paternal smoking status, and food insecurity
status. Prior to the analysis, multicollinearity tests were performed for all independent variables listed
above. We employed a variance inflation factor (VIF) of less than 2.5 for all our analyses to determine
that multicollinearity was not a problem [29–31]. A Chi-squared test was performed to analyze the
differences between household food insecurity status with the number of children under five, paternal
occupation, monthly income, and paternal smoking status. Multiple logistic regression was performed
to control for confounding factors (the number of children under five, paternal occupation, monthly
income, and paternal smoking status) using backward stepwise selection with significance level of
0.2 for removal from the model. The backward stepwise selection was reliable in identifying useful
predictors during the exploratory stages of model building. The difference in monthly income between
various household food security statuses was tested using analysis of variance (ANOVA).
All data analysis was performed in IBM SPSS Statistics 22 (IBM, Armonk, NY, USA).
This study was approved by the Institutional Review Board (IRB) of Kansas State University, USA
(reference or proposal number: 7646). In addition, this study was approved by the Surabaya City
Review Board (Bakesbangpol No.: 1366/LIT/2015) in Indonesia. We explained the study objectives
and obtained written informed consent during monthly integrated health post meetings (“posyandu”),
where mothers bring their children under the age of five years for growth monitoring. Participants
were free to withdraw from the study at any time without any consequences.
3. Results
The selected characteristics of the samples in this study are presented in Table A1. When we
employed the Chi-squared test based on the food insecurity status of the households, significant
differences in the household characteristics emerged for maternal literacy (p = 0.012) and maternal
education (p < 0.0001), but not maternal occupation (p = 0.290). Most of the households were nuclear
families, with 1–2 children and only one child under five years living in the household. Almost all
fathers were working and nearly 70% of them were smokers. We obtained a Cronbach’s alpha of
0.831, which indicated that the nine questions of the HFIAS for the 685 households had sufficient
internal consistency.
Chi-squared tests also showed significant differences in the household’s food insecurity status
for the number of children under five in the household (p = 0.046), paternal occupation (p < 0.0001),
monthly income (p < 0.0001), and paternal smoking status (p = 0.045). The ANOVA test showed
that compared to the food secure households, households with some level of food insecurity were
significantly different in terms of monthly income.
No significant difference, however, was found among households across food insecurity status
in father’s monthly cigarettes expenses as well as food expenditure. Possession of electricity did not
differ between households with different food insecurity statuses.
There were significant differences, however, among households with different food insecurity
statuses in the possession of a radio/tape recorder (p < 0.0001), television (TV) (p = 0.013),
telephone/hand phone (p < 0.0001), and fridge (p < 0.0001). The mean HFIAS score was 4.85 (SD: 5.6),
with a range from 0 to 24. Table A2 shows the affirmative responses for the HFIAS items. More than
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half of the participants were worried about food, and nearly half of households had concerns that they
were unable to eat preferred foods (47.4%), ate few kinds of foods (36.4%), and ate foods they really
did not want to eat (35.5%).
Approximately 3.2% of the participants stated that in the last four weeks they, or any household
member, went a whole day and night without eating anything. The majority of households never
experienced a complete lack of food of any kind in the household for the past month (88.5%). Based on
the HFIAS guidelines, many households were categorized as food secure (42%), but there were
relatively high proportions of mild (22.9%), moderate (15.3%) and severe (19.7%) food insecurity.
The results revealed that when using the cut-off point of a BMI ≥ 25 kg/m2 as overweight,
the prevalence of a double burden in the mother–child pair was 21.2%, whereas the prevalence of
maternal overweight/obesity was 58.8%. When using the BMI cut-off point for an Asian population
with BMI ≥ 23 kg/m2 as defining maternal overweight, the prevalence rose to 70.3%, and the double
burden of malnutrition measured as SCOWT was 24.7%, while the prevalence of child stunting was
36.5%. The following results were set to use the cut-off point for overweight recommended for
an Asian population.
As seen in Table A3, several variables were significantly associated with a double burden of
malnutrition measured as SCOWT when tested using unadjusted logistic regression. They were: maternal
height (OR = 0.893; 95% CI = 0.848–0.940), maternal education (OR = 0.565; 95% CI = 0.340–0.937),
number of children (OR = 1.852; 95% CI = 1.184–2.898), paternal occupation, and food security.
Compared to having their father working with a steady income as a government officer (including
army and police), having a father who worked in a job with less steady income, such as in the
private sector (OR = 3.963; 95% CI = 1.050–14.961), or in a trade or as an entrepreneur (OR = 4.840;
95% CI = 1.230–19.050), as labor (OR = 5.770; 95% CI = 1.542–21.586), or others (OR = 7.436;
95% CI = 1.871–29.549) increased the risk of SCOWT in the household. Likewise, similar patterns
were observed in relation to SCOWT where the risk of SCOWT was increased in mildly food insecure
(OR = 2.647; 95% CI = 1.486–4.712), moderately food insecure (OR = 2.254; 95% CI = 1.170–4.342) and
severely food insecure households (OR = 2.057; 95% CI = 1.112–3.804) relative to food secure households.
Based on the unadjusted model, the strongest predictors of SCOWT was paternal occupation, followed
by food insecurity status and number of children. However, after adjustment for potential confounding
variables such as maternal height and SES, the stepwise multiple logistic regression model for SCOWT
revealed that only food insecurity status served as a significant predictor. Compared to food-secure
households, mild food insecurity (aOR = 2.798; 95% CI = 1.540–5.083), moderate food insecurity
(aOR = 2.530; 95% CI = 1.286–4.980), and severe food insecurity (aOR = 2.045; 95% CI = 1.087–3.848)
increased the likelihood of households experiencing SCOWT.
The results of the univariate logistic regression showed that some variables were protective
against stunting, namely maternal height (OR = 0.884; 95% CI = 0.842–0.927), child’s gender, maternal
education (OR = 0.534; 95% CI = 0.342–0.834), paternal occupation, and food insecurity status. Female
children were less likely to be stunted than their male counterparts (OR = 0.612; 95% CI = 0.441–0.849).
Maternal education also showed a significant association with stunting; using mothers with low
education level as a reference, having an educated mother lessened the likelihood of child stunting
(OR = 0.534; 95% CI = 0.342–0.834). Similarly, educated mothers showed a protective effect on
SCOWT (OR = 0.565; 95% CI = 0.340–0.937) but not highly educated mothers. For paternal
occupation, the risk of child stunting was increased in the households where the father was
working in the private sector (OR = 4.914; 95% CI = 1.476–16.360), in trade or as an entrepreneur
(OR = 7.274; 95% CI = 2.099–25.208), as labor (OR = 7.196; 95% CI = 2.140–24.201), or others
(OR = 11.117; 95% CI = 3.157–39.153), compared to fathers who worked as government officers
(including army, police). Using food secure households as a reference, increased likelihood of child
stunting was observed in households with mild food insecurity (OR = 1.740; 95% CI = 1.043–2.903),
and severe food insecurity (OR = 2.182; 95% CI = 1.280–3.717). The stepwise multiple logistic
regression models showed that child gender, maternal education and food insecurity status
32
Nutrients 2018, 10, 535
were significantly associated with child stunting. Factors that were significantly associated with
a reduced likelihood of child stunting were child gender (aOR = 1.696; 95% CI = 1.077–2.672), and
educated mother (aOR = 0.596; 95% CI = 0.372–0.954). Compared to the food secure households,
only households that were severely food insecure increased the likelihood of child stunting
(aOR = 2.005; 95% CI = 1.140–3.526). Having 3–4 children, relative to having 1–2 children
at home, was associated with an increased likelihood of maternal overweight/obesity
(aOR = 1.750; 95% CI = 1.108–2.762).
4. Discussion
The objective of our study was to analyze the relationship between household food insecurity,
as measured by the household food insecurity access scale (HFIAS) category, and the double burden
of malnutrition, as indicated by household’s with a stunted child and an overweight/obese mother
(SCOWT). These results support the hypothesis that the double burden of malnutrition is robustly
related to food insecurity, and the categorization of the HFIAS as a measure of food insecurity is
a predictor of SCOWT. To the best of our knowledge, this is the first published study on the application
of this scale within an urban setting in Indonesia.
Our study, based in an urban setting, revealed that the prevalence of the double burden in
mother–child pairs was 24.7%, whereas the prevalence of child stunting was 36.4%, and maternal
overweight/obesity was 70.2%. This prevalence was higher than that found in a previous study
in a rural Indonesian setting that found 11% of the sample consisted of maternal overweight and
a stunted child coexisting within the same household [16]. A more recent study in a rural setting of
Indonesia reported a higher percentage of double burden, as measured by the coexistence of maternal
overweight and child stunting in one household [10]. A staggering 30.6% of the double burden in
mother–child pairs was reported in that study [10], where maternal overweight was set at a BMI above
23.5 kg/m2, while our study used the conventional threshold of above 25.0 kg/m2 In an Indonesian
setting, regional differences were argued to explain the discrepancy in the prevalence of double burden
observed in mother–child pairs in urban and rural areas [10,22]. Studies in Nairobi, Kenya showed
that the obesogenic environment in an urban setting was characterized by reliance on energy-dense
street food and was arguably responsible for the rise of overweight/obesity in this population [32,33].
Unfortunately, we did not collect data on energy-dense street food to be able to make comparisons of
our findings with studies from Nairobi, Kenya. Nevertheless, evidence from studies in Indonesia has
consistently shown a prevalent problem of the double burden of malnutrition in the form of stunted
child and overweight/obese mother pairs across settings and geographical locations. Comparing with
previous studies in rural settings, our results from an urban setting have a higher prevalence of the
double burden of malnutrition, hence supporting the hypothesis that the double burden of malnutrition
is more prevalent in urban areas. These findings have the policy implication that people in urban areas
should be educated on the concept of energy balance, improving healthy eating and physical activity
through health and nutrition education, as well as environmental conditioning that supports health.
On the other hand, the rate of urbanization should be decreased by means of improving the living
conditions and employment in rural areas.
Although evidence showing a relationship between food insecurity and child stunting is abundant,
there is a scarcity of evidence relating to food insecurity with a double burden of malnutrition.
In this study, we found that food insecurity was significantly associated with the double burden of
malnutrition, as observed in the coexistence of stunted children and overweight/obese mothers within
the same household. Most of the households involved in this study were experiencing some form of
food insecurity (58%) as defined by the HFIAS. This is not surprising, as 11% of Indonesia’s 252 million
people live below the national poverty line of $1 income per day, with an additional 40% hovering
marginally above the line. Studies have shown that poverty is closely linked with food insecurity.
In a univariate logistic regression, using food secure households as a reference, we revealed that
having a mildly food insecure household increased the risk of a double burden by more than three
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times, having a moderately food insecure household increased the risk by more than three times, and
having a severely food insecure household increased the risk by more than two times. This association
persisted in the multivariate logistic model; in fact, the likelihood was even stronger. Compared to the
food secure households, a mildly food insecure household showed a risk of double burden more than
3.7 times higher. Having a moderately food insecure household increased the risk by 4.5 times, and
having a severely food insecure household increased the risk by more than three times.
Our study showed that food insecurity was more robust in predicting the double burden of
malnutrition indicated by SCOWT than in predicting child stunting alone. As seen in Table A3,
even though four categories of food insecurity were significantly correlated to both SCOWT and
child stunting in the univariate logistic regression, only severely food insecure households remained
associated with child stunting in the multivariate model, while any form of food insecurity remained
significantly associated with SCOWT in the multivariate logistic regression model. We are not aware
of any published studies with which to compare our findings that relate food insecurity and the
double burden of malnutrition. A study in Indonesia highlighted an association between living in
households with a higher socioeconomic status (SES) and an increased risk of the double burden of
malnutrition [22]. A study in Guatemala also showed an association between per capita household
consumption and SCOWT [15]. Both of these studies revealed that the double burden of malnutrition
was related to some form of household access to food, indicated by higher SES and per capita
consumption. The fact that our analysis, using levels of food insecurity status, showed a steady
association with SCOWT and not with child stunting aligns with this argument. Mildly food insecure
and moderately food insecure households were significantly associated with an increased risk of
SCOWT, and not significantly correlated with child stunting. This was an indication that lower quality
and choice of food as a building block for mildly and moderately food insecure households were
sensitive enough to predict SCOWT.
In broader terms, we believe that with minor food insecurity, households may compromise their
diet towards cheaper food that is mostly high in energy. Hence, we argue that the double burden
of malnutrition exists because the children were stunted due to insufficient availability and intake
of growth-promoting and nutrient-dense foods; while mothers were supplied with an abundance
of energy-dense foods that promote weight gain. In countries experiencing a nutrition transition,
much of the energy-dense food is not nutritionally dense, and hence provides limited support for
children’s growth [14]. Households that were not facing mild and moderate food insecurity might
be able to purchase foods that are more expensive but more nutrient-dense, such as animal-based
foods. Animal-based foods are a good source of growth-promoting nutrients, such as protein [34].
A study in rural Indonesia showed that a dietary pattern of “high-animal products” was associated
with a decreased likelihood of SCOWT, through a strong inverse correlation with child stunting [10].
The present study’s findings also add evidence regarding the relationship between maternal
height/stature and the double burden of malnutrition. A similar significant association, however,
was seen for maternal height and child stunting alone. Hence, the observed correlation between
maternal height and SCOWT might be driven by the association between maternal height and child
stunting, even though the adjusted odds was slightly stronger for SCOWT. It is established that
maternal height is a genetic predictor for child’s height that later defines stunting. For this reason,
we believe that compared to food insecurity status as measured by the HFIAS category, maternal height
was less robust in predicting SCOWT. Regardless, our study extended the widely-reported association
between maternal short stature and child stunting in developing countries such as Bangladesh [16],
Brazil [35,36], Indonesia [16] and Mexico [37].
The multivariate logistic regression revealed that households with 3–4 children were more
likely to have mothers who were overweight/obese, compared to households with 1–2 children.
With less than one-third of mothers exclusively breastfeeding in Indonesia [9,38], it is probable that
repeated pregnancy increases the risk for maternal overweight/obesity. Mothers who provide their
children with exclusive breastfeeding for three months had four times greater weight loss, compared
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to mothers who did not exclusively breastfed or who discontinued breastfeeding their child before
three months [39]. Household spending of US $100–150 on food per month also increased the risk
of maternal overweight/obesity, compared to households with monthly food expenditures of less
than US $50. Spending US $50–100 as well as >US $150 was not significantly related to maternal
overweight/obesity. This indicates that spending > US $100–150 was the range of monthly food
expenses that may contribute to a maternal energy imbalance through the purchase of energy-dense
food. However, both variables (number of children and food expenditure) were not significantly
correlated with SCOWT.
The strengths of our study were the relatively large sample derived from a fully-powered sample
size calculation, random sample, validated food insecurity instrument, and one-on-one interview by
trained interviewers to complete questionnaires with the mother. In addition, compared to a recent
study on the mother–child double burden in rural Indonesia, this study employed a conventional
cut-off point for maternal overweight that was easily comparable to the body of knowledge related to
the household-level double burden of malnutrition.
A few limitations should be noted for this study. First, since it was a cross-sectional study, a causal
inference for food insecurity status and the double burden of malnutrition as observed in SCOWT
cannot be established. An observational cohort study that examines changes in food insecurity over
time would add more weight to the evidence for a positive relationship between food insecurity
status as measured in the HFIAS category and SCOWT. Second, although the HFIAS was designed
for cross-cultural settings, it was possible that some of the local perspectives on food insecurity failed
to be captured in the questions. We minimized errors by excluding extreme values according to the
recommended cut-off for the height-for-age z-score of the WHO [25]. Our results may be limited by
reliance on multiple logistic regression with adjustment for the clustering of the samples using a mixed
effect model; it is possible that a generalized estimating equation analysis (GEE) might produce more
robust results, but it is unlikely that the direction and size of observed relationships would change in
meaningful ways. Last, our first attempt to choose the study site by restricting it to only sub-districts
with a prevalence of child underweight of more than 15% according to government reports might limit
generalization to the general population.
5. Conclusions
In conclusion, one fifth of households in the study site were found to be experiencing the double
burden of malnutrition in the form of a stunted child and an overweight/obese mother (SCOWT).
The present study supported the hypothesis that the double burden of malnutrition is related to food
insecurity. Even though both maternal height and household food insecurity status was significantly
associated with the double burden of malnutrition, only the level of food insecurity derived from the
HFIAS instrument served as a good predictor of SCOWT in urban Indonesia. Future studies could build
on our results using the universally acceptable HFIAS instrument as an early warning indicator for
the double burden of malnutrition as defined by the coexistence of maternal overweight/obesity and
child stunting. These results should be replicated for different populations and settings to established
HFIAS as the common predictor of the double burden of malnutrition and not merely as a food
security indicator.
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Abstract: Emergency food pantries provide food at no cost to low-resource populations. The purpose
of this study was to evaluate single-day dietary intake patterns before and after visiting a food pantry
among food-secure and food-insecure pantry clients. This observational cohort study comprised
a paired, before-and-after design with a pantry visit as the intervention. Participants (n = 455)
completed a demographic and food security assessment, and two 24-h dietary recalls. Adult food
security was measured using the U.S. Household Food Security Survey Module. Dietary intake
patterns were assessed using Automated Self-Administered 24-h Recall data and classified by Healthy
Eating Index (HEI-2010) scores, dietary variety, number of eating occasions, and energy intake. Paired
t-tests and Wilcoxon signed-rank tests compared outcomes before and after a pantry visit. Mean
dietary variety increased after the pantry visit among both food-secure (p = 0.02) and food-insecure
(p < 0.0001) pantry clients. Mean energy intake (p = 0.0003), number of eating occasions (p = 0.004),
and HEI-2010 component scores for total fruit (p < 0.001) and whole fruit (p < 0.0003) increased among
food-insecure pantry clients only. A pantry visit may improve dietary intake patterns, especially
among food-insecure pantry clients.
Keywords: emergency food assistance; food pantry; food insecurity; dietary patterns; dietary quality
1. Introduction
Approximately 16 million Americans utilize emergency food pantries, most of whom (67%)
are classified as food-insecure [1]. Food insecurity is characterized by reports of reduced dietary
quality and variety, disrupted eating patterns, and reduced food intake [2]. Food insecurity in adults
is associated with lower intake of vegetables, fruits, dairy products, vitamins A and B6, calcium,
magnesium, and zinc compared to food-secure adults [3]. Food insecurity is also associated with
indicators of diet-related chronic diseases, including increased rates of diabetes, hypertension and
hyperlipidemia, as well as poorer physical and mental health, and quality of life [4]. These health
limitations may, in turn, increase the burden of food insecurity and perpetuate this cycle. Emergency
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food pantries provide food resources to food-insecure individuals at no cost and with minimal
requirements. Use of emergency food pantries by clients was originally regarded as a response
to a temporary situation, but may be increasingly used on a consistent basis as a dependable food
source [5].
The nutritional contributions of food pantries to client diets is largely unknown [6]. Yet, it has been
estimated that food pantries could be responsible for up to 25% of the household food supply among
pantry users [6]. The impact of pantry foods on client diets may also vary based on food security status.
There may be two distinct groups of emergency food pantry users; one group who relies on pantries
because of a short-term or “emergency” change in their economic situation (indicating food insecurity),
and another group who uses pantry resources for an extended period of time as one component of
their ongoing food supply (as a buffer to retain food security) [7]. Consequently, the relationship
between food insecurity and dietary intake patterns among food pantry clients should be evaluated
to determine the differential potential of food pantries as an intervention to improve dietary intake
patterns for households that may be using food pantries in different capacities.
The objectives of this study were to quantify and compare the short-term dietary intake patterns
before and after a pantry visit among rural, Midwestern adult food pantry clients overall and then
stratified by food security status. We hypothesized that dietary intake patterns, including the Healthy
Eating Index-2010 (HEI-2010) score as a measure of dietary quality, the number of eating occasions,
energy intake, and dietary variety, would increase significantly from before compared with after receipt
of pantry foods, particularly for food-insecure pantry clients.
2. Materials and Methods
2.1. Study Design
This observational cohort study comprised a before-and-after design with a pantry visit as the
intervention. This study was part of a larger multi-state intervention, “Voices for Food”, which was
administered through the Extension programs of universities in each of six states: Indiana, Michigan,
Missouri, Nebraska, Ohio and South Dakota, and aimed to improve food security among rural,
Midwestern food pantry clients. Four food pantries from counties defined as non-metro with poverty
rates higher than 16% in 2011 [8], with Cooperative Extension presence, and without well-established
food policy councils in each state were selected (totaling four food pantries per state). In each state,
two of the food pantries were designated as “intervention” pantries and matched with “comparison”
pantries based on several criteria, including: level of client choice, number of households served,
pounds of food distributed per month, receipt of government commodity program assistance, food
bank partnership, infrastructure and capacity (storage, shelving, etc.), and predominant racial/ethnic
group served at the pantry.
2.2. Recruitment
From August to November 2014, a convenience sample of participants was recruited through
flyers that advertised the study during pantry operation hours, and by approaching clients while they
waited in line to receive food at selected pantries. Participants were screened by a trained interviewer.
Only clients who were English speaking, adults ≥18 years (or ≥19 years in Nebraska where the legal
age criteria classifying adult status is 19 years), who visited this food pantry at least one time prior to
recruitment, and who were receiving foods from the pantry on the day of recruitment were invited
to participate. The South Dakota State University and Ohio State University Institutional Review
Boards approved research activities prior to beginning the study and participants gave consent before
completing study materials. A sample size goal of 78 pantry clients in each food security subgroup
was sought based on a meaningful change in HEI total score from a previous study [9], and estimates
of correlation and standard deviation of the paired sample using pilot study data.
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2.3. Participants
A total of 613 pantry clients were confirmed eligible and recruited. Four hundred and seventy-four
(77%) participants completed two single-day 24-h dietary recalls. However, because of incomplete
dietary and food security data, only 455 (74%) participants were included in the final analysis.
Significant differences were found between pantry clients who completed multiple recalls compared
to pantry clients who completed the initial recall only; significant differences were noted only for state
(p < 0.0001) and soup kitchen use (p = 0.005; data not shown).
2.4. Instruments
The initial interview was conducted at the pantry by trained research staff in a semi-private area.
Participants completed an electronic or paper version of a questionnaire that elicited information on
demographic and pantry use characteristics, and included the validated 18-item U.S. Household Food
Security Survey Module (US HHFSSM) [2]. Following this questionnaire, participants completed the
Automated Self-Administered 24-h Dietary Recall (ASA24™-2014), an internet-based 24-h recall [10],
with optional staff assistance. An additional dietary recall was self-completed, or completed through
an assisted phone interview, within two weeks of the pantry visit. Participants received $10 as
compensation in the form of a grocery store gift card upon completion of the initial interview (including
the questionnaire and first dietary recall), and an additional gift card for completing the second dietary
recall. Sixteen percent of initial recalls and 45% of 2nd recalls captured a weekend day.
2.5. Data Analysis
Food security status over the past 12 months was measured using the US HFSSM. Ten of the items
were used to classify food security among household adults as per previous direction [11]. A raw
score (number of affirmative responses on the food security scale) of zero was categorized as high
food-secure, a score of 1–2 was categorized as marginal food-secure, a score of 3–5 was categorized as
low food-secure and a score of 6–10 was categorized as very low food-secure. Food security status was
dichotomized into two groups: “food-secure” (included high and marginal food-secure groups) and
“food-insecure” (included low and very low food-secure groups).
Dietary information from ASA24™-2014 was used to determine the single-day dietary intake
patterns (including before-pantry and after-pantry single-day energy intake, HEI-2010 scores, number
of eating occasions, and number of unique USDA food codes). The total number of eating occasions
was determined from the self-reported intake of meals, snacks, and beverages. The number of unique
food items consumed for each participant was determined using the USDA food code, a unique,
eight-digit number that is assigned to identify each food and beverage item included in nutrient
composition databases. The HEI-2010 is an overall measure of diet quality that indicates conformance
to the Dietary Guidelines for Americans and is comprised of 12 component scores: Total Fruit, Whole
Fruit, Total Vegetables, Greens and Beans, Whole Grains, Total Dairy, Total Protein, Seafood and
Plant Proteins, Fatty Acids, Refined Grains, Sodium, and Empty Calories (i.e., solid fat, alcohol, and
added sugars) [12]. Each of the 12 components are weighted to yield a HEI-2010 total score that has
a maximum value of 100, indicating full adherence to the Dietary Guidelines for Americans (DGA),
and a minimum value of 0, indicating no adherence to the DGA [12]. Because the data were collected
prior to the release of the 2015 DGA and HEI-2015, the HEI-2010 was the appropriate metric to use for
this study.
2.6. Statistical Analysis
Prevalence of participant characteristics was compared across food security status using chi-square
analysis (significance p < 0.05). The mean number of unique USDA food codes, mean number of
eating occasions, mean HEI-2010 total and component scores, and mean energy intake were estimated
for the pre-pantry and post-pantry recall and compared for all clients as well as food-secure and
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food-insecure subgroups. Wilcoxon signed rank tests determined differences in before-pantry and
after-pantry intakes for the number of unique food codes (statistically significant when p < 0.05) and
number of eating occasions (statistically significant when p < 0.05/2 sub-categories of eating occasions
as ‘Meals and Snacks’ and ‘Meals,’ using Bonferroni-type adjustment for multiple comparisons of
sub-groups). Paired t-tests determined differences in before-pantry and after-pantry intakes for
mean energy intake (statistically significant when p < 0.05) and total and component HEI-2010 scores
(statistically significant when p < 0.05/13 HEI total and component scores, using Bonferroni-type
adjustment for multiple comparisons of sub-groups). A post-hoc analysis was performed to infer
whether or not improvement in dietary outcomes was a direct result of the pantry visit. The mean,
median and mode of lag time were determined. Linear regression models with the response being
the change in HEI total and component scores (recall 2-recall 1) and the predictors being lag time and
household size were performed (statistical significance p < 0.05). All analyses were completed using
SAS version 9.4. (SAS Institute, Hong Kong, China) and R version 2.11.1.
3. Results
Pantry clients in the sample were predominately white (81%), female (72%), aged 45–65 (45%),
and classified as food-insecure (78%) (Table 1). When characteristics were stratified by food security
status, significant differences were observed for state, age, and the number of times the pantry was
visited in the last 12 months. A greater proportion of food-secure pantry clients (35%) reported being
>65 years old compared to food-insecure pantry clients (16%). A greater proportion of food-secure
(63%) pantry clients reported visiting the pantry six or more times compared to food-insecure pantry
clients (47%).
Table 1. Characteristics of a multistate sample of rural, Midwestern, adult emergency food pantry
clients by food security status (n = 455).
All Pantry Clients Food-Secure Food-Insecure χ2
n % n % n % p-Value 1
Total 2 455 100 22 355 78
State 0.04
Indiana 117 26 23 23 94 26
Michigan 87 19 13 13 74 21
Missouri 102 22 21 21 81 23
Nebraska 49 11 10 10 39 11
Ohio 50 11 14 14 36 10
South Dakota 50 11 19 19 31 9
Age 0.0004
18–44 years 136 35 28 32 108 35
45–64 years 176 45 29 33 147 48
>65 years 81 20 31 35 50 16
Sex 0.3
Male 107 28 28 32 79 26
Female 280 72 59 68 221 74
Race 0.3
White 305 81 67 78 238 82
Black 32 8 10 12 22 8
American Indian 28 7 8 9 20 7
Other 12 3 1 1 11 4
Ethnicity 0.1
Hispanic 15 4 1 1 14 5
Not Hispanic 362 96 82 99 280 95
Income 0.2
<$10,000 221 52 42 46 179 54
$10,001–$15,000 91 22 26 28 65 20
>$15,000 110 26 24 26 86 26
47
Nutrients 2018, 10, 583
Table 1. Cont.
All Pantry Clients Food-Secure Food-Insecure χ2
n % n % n % p-Value 1
Number of Pantries Visited
(past 12 months) 0.1
1 pantry 203 46 50 53 153 44
≥2 pantries 239 54 44 47 195 56
Household Food From Food Pantry 0.2
A few days’ worth 191 45 34 40 157 46
One to two weeks’ worth 147 35 29 34 118 35
More than half of the food for the month 86 20 23 26 63 19
Times Visited This Pantry
(past 12 months) 0.03
0–1 times 73 16 14 12 59 17
2–5 times 153 34 24 24 129 36
≥6 times 229 50 62 63 167 47
1 Statistical significance is p <0.05 for chi-square comparisons between food-secure and food-insecure adult food
pantry clients. 2 Total numbers do not always add to sample size due to missing values; Percentages do not always
add to 100 due to rounding.
A significant increase in mean energy intakes (before: 1400 ± 870, after: 1600 ± 880, p < 0.0001),
mean number of eating occasions (before: 3.2 ± 1.1, after: 3.3 ± 1.1, p = 0.002) and mean number of
unique food codes (before: 9 ± 5, after: 11 ± 5, p < 0.0001) was observed among all adult emergency
food pantry clients from before to after the pantry visit (Table 2). However, when separated by food
security status, a significant increase in the mean energy intake (before: 1400 ± 890, after: 1600 ± 890,
p = 0.0003) and number of eating occasions (before: 3.1 ± 1.1, after: 3.3 ± 1.1, p = 0.004) was only
noted among food-insecure food pantry clients, while a significant increase in the mean number of
unique food codes was noted among both the food-secure (before: 11 ± 4, after: 12 ± 6, p = 0.02) and
food-insecure (before: 9 ± 5, after: 11 ± 5, p < 0.0001) groups (Table 2).
Table 2. Comparison of before and after pantry dietary intake patterns (number of eating occasions,
number of unique food codes reported consumed, energy intake and total HEI-2010 score) for all,
food-secure, and food-insecure pantry clients in a multistate sample of rural, Midwestern, adult
emergency food pantry clients (n = 455).
All Pantry Clients
Before-Pantry After-Pantry
n = 455 Mean SD Mean SD p-value 1
Number of Eating Occasions 2 3.2 1.1 3.3 1.1 0.002 3
Meals and Snacks 2.7 1.0 2.8 1.0 0.02 3
Meals 2.2 0.8 2.3 0.8 0.03 3
Number of Unique Food Codes 2 9 5 11 5 <0.0001 3
Energy Intake (kcal) 2 1400 870 1600 880 <0.0001 4
Total HEI Score 2 41 13 42 13 0.47 4
Food-secure
Before-Pantry After-Pantry
n = 100 Mean SD Mean SD p-value
Number of Eating Occasions 2 3.4 1.0 3.5 1.0 0.2 3
Meals and Snacks 3.0 0.9 3.0 0.9 0.3 3
Meals 2.4 0.7 2.5 0.8 0.7 3
Number of Unique Food Codes 2 11 4 12 6 0.02 3
Energy Intake (kcal) 2 1500 770 1600 840 0.1 4
Total HEI Score 2 46 13 45 14 0.4 4
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n = 355 Mean SD Mean SD p-value
Number of Eating Occasions 2 3.1 1.1 3.3 1.1 0.004 3
Meals and Snacks 2.6 1.0 2.7 1.0 0.04 3
Meals 2.1 0.8 2.2 0.8 0.1 3
Number of Unique Food Codes 2 9 5 11 5 <0.0001 3
Energy Intake (kcal) 2 1400 890 1600 890 0.0003 4
Total HEI Score 2 40 13 41 13 0.2 4
1 Statistical significance is p < 0.05 for paired t-test and Wilcoxon signed rank test comparisons between before- and
after-pantry energy intake and number of unique food codes; Statistical significance is p < 0.025 for paired t-test
comparisons between before- and after-pantry number of eating occasions (p < 0.05/2 subcategories of ‘Meals and
Snacks’ and ‘Meals’, Bonferroni-type adjustment for multiple comparisons of sub-groups); Statistical significance
is p < 0.004 for paired t-test comparisons between before- and after-pantry HEI Scores (p < 0.05/13 HEI total and
component groups, Bonferroni-type adjustment for multiple comparisons of sub-groups). 2 Indicates inclusion of all
eating/drinking occasions: meals, snacks, and just a drink. 3 Indicates p-value was determined using the Wilcoxon
signed rank test. 4 Indicates p-value was determined using the paired t-test.
Despite this increased in dietary intake patterns after a pantry visit, overall dietary quality,
quantified using the mean total HEI score, was poor (mean HEI-2010 total score of 41), and a statistically
significant difference in HEI-2010 total score before and after a pantry visit was not observed, regardless
of food security status (Table 3). A significant increase in the mean HEI-2010 total fruit (before: 1.2 ± 1.9,
after: 1.7 ± 2.2, p < 0.0001) and whole fruit (before: 0.9 ± 1.8, after: 1.4 ± 2.1, p < 0.0001) scores was
observed among all pantry clients. After stratifying by food security status, there was a significant
increase observed only among food-insecure pantry clients for the mean total fruit (before: 1.1 ± 1.9,
after: 1.7 ± 2.1, p < 0.001) and whole fruit (before: 0.8 ± 1.7, after: 1.3 ± 2.0, p = 0.0003) HEI-2010
component scores.
Table 3. Comparison of before and after pantry HEI-2010 total and component scores in a multistate
sample of rural, Midwestern, adult emergency food pantry clients for all pantry clients and for
food-insecure pantry clients (n = 455).
All Pantry Clients
Before-Pantry Score After-Pantry Score
n = 455 Max Score Mean SD Mean SD p-Value 1
Total Vegetables 5 2.9 2.0 2.9 1.9 0.9
Green Beans 5 0.8 1.7 0.6 1.5 0.1
Total Fruit 5 1.2 1.9 1.7 2.2 <0.0001
Whole Fruit 5 0.9 1.8 1.4 2.1 <0.0001
Whole Grain 10 2.1 3.3 1.9 3.0 0.4
Total Dairy 10 4.8 3.9 5.0 3.8 0.3
Total Protein 5 3.9 1.7 4.0 1.5 0.1
Seafood and Plant Protein 5 0.9 1.7 1.0 1.8 0.3
Fatty Acid 10 4.0 3.7 4.0 3.7 0.9
Sodium 10 3.3 3.6 3.2 3.5 0.5
Refined Grain 10 6.1 3.9 6.0 3.7 0.8
Empty Calories 20 10.3 7.0 9.9 6.7 0.4
Total HEI 100 41 13.0 42 13.0 0.5
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Table 3. Cont.
Food-insecure Pantry Clients 2
Before-Pantry Score After-Pantry Score
n = 355 Max Score Mean SD Mean SD p-Value 1
Whole Fruit 5 0.8 1.7 1.3 2.0 0.0003
Total Fruit 5 1.1 1.9 1.7 2.1 <0.001
Total HEI 100 40 13 41 13 0.21
1 p-value was determined using the paired t-test; Statistical significance is p < 0.004 for paired t-test comparisons
between before- and after-pantry HEI Scores (p < 0.05/13 HEI total and components, Bonferroni-type adjustment
for multiple comparisons of sub-groups). 2 Only HEI-2010 component scores that significantly changed from before
to after a pantry visit among food-insecure pantry clients are shown.
Post-hoc analysis showed that the average lag time was 3.7 days with both a median and mode of
two days (results not shown), and lag time was inversely associated with change in Whole Fruit score
(data not shown).
4. Discussion
Research regarding the relationship between food insecurity and dietary intake among food
pantry clients is limited [13–17]. This study represents the first investigation of single-day dietary
intake patterns before and after food pantry use for food-secure and food-insecure pantry clients.
Dietary variety increased for both food-insecure and food-secure pantry clients from before compared
to after visiting a pantry, while an indicator of the fruit intake component to dietary quality, energy
intake, and the number of eating occasions improved only for food-insecure pantry clients.
Overall dietary quality among food pantry clients was poor, a finding that is consistent with
other studies evaluating dietary quality among food pantry clients [15]. The estimated HEI-2010
total score and component scores, indicating adherence to the Dietary Guidelines for Americans,
for pantry clients observed in this study were low compared to the most recent estimate among the
U.S. population (59.0 ± 1.0) [18]. Component scores for total fruit, whole fruit, greens and beans,
and seafood and plant protein were especially low in this group, and indicate a critical need for
improvement. These results are perhaps expected considering the high prevalence of food insecurity
in the sample. Seventy-eight percent of participants were classified as food-insecure. Although much
higher than the U.S. population, as expected [19], the prevalence of food insecurity in this rural
Midwestern food pantry-user participant sample was consistent with other studies that have evaluated
food security among emergency food system clients [9,15,17,20].
Dietary quality, dietary variety, number of eating occasions, and energy intake were expected
to increase significantly after receipt of pantry foods based on the premise that pantry users visit
the pantry to obtain more foods. Results revealed no significant increase in overall dietary quality
from before compared with after pantry use, but did reveal a significant increase in the quality of the
fruit dietary component. Providing enough food (quantity) may be more of a concern to emergency
food pantry providers compared with the quality of foods provided. In support of this, studies have
found that food packages provided to clients by food pantries do not meet recommended nutritional
requirements and may be low in fruits, dairy, whole grains and fish [21–23], all of which are key
components of the HEI-2010 index. This may explain why the quantity of food may increase after
using a pantry, while the overall quality measured by the HEI-2010 total score may remain unchanged.
While lower than U.S. averages [18], component scores for total fruit and whole fruit (total fruit
excluding juice) significantly increased after receipt of pantry foods. The increase in whole fruit score
suggest that the increase in the total fruit component score may not be entirely due to an increase in
juice intake. Although many pantries may not offer the recommended amount of fruit [21–23], results
from this study suggest that the fruit offered by pantries is an improvement upon what clients are
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otherwise able to obtain, or that foods offered by pantries allow clients to use other funds to purchase
fruits and represents potential for the food pantry to enhance dietary quality.
Only food-insecure pantry clients experienced a significant increase in the number of eating
occasions and energy intake after visiting the pantry. Food insecurity is characterized by reports
of reduced dietary quality, dietary variety, disrupted eating patterns, and reduced food intake [2],
suggesting greater need for resources to restore dietary patterns. This supports the hypothesis that
food-secure and food-insecure groups may use pantries differently; food-insecure pantry clients may
rely on pantries in response to a dire situation, while food-secure pantry clients may use pantries
continually to serve as a buffer to maintain food security. In support of this idea, the results revealed a
greater prevalence of pantry use (≥6 times in the past 12 months) among food-secure pantry clients
(63%) compared to food-insecure pantry clients. Therefore, food-insecure pantry clients may exhibit a
higher degree of dietary restriction due to circumstance before visiting the pantry and consequently
have a higher potential for improving their dietary intake patterns upon receipt of pantry foods. Both
food security subgroups experienced an increase in dietary variety. Food-insecure pantry clients
may receive foods from pantries that they cannot receive otherwise using non-pantry resources and
therefore pantry use increases their food choices and improves dietary variety. On the other hand,
food-secure pantry clients may rely on pantries consistently to acquire staple foods which they are
able to supplement using other non-pantry resources, thereby improving dietary variety.
4.1. Strengths
Most prior studies evaluating the dietary intake of food pantry clients used only a single
24-h recall [14,15,24–26] with assessment completed on the day the client presented at the food
pantry [15,24,25]. This study characterized the dietary patterns of pantry clients before and after
visiting the pantry among a large multi-state sample of rural, Midwestern U.S. adults by assessing the
dietary intake from two 24-h recalls.
4.2. Limitations
The observed changes in dietary intake patterns before and after pantry use may not be a direct
effect of pantry use since food pantries are not the only source of foods for clients. Participants received
a $10 grocery store gift card upon completion of the initial recall, which may have been used to
purchase foods that clients otherwise would not have been able to afford and thus impacted dietary
patterns in their second recall; however, it was unethical to withhold compensation or provide it only
to participants who completed two recalls. Additionally, the research team did not assess whether or
not clients visited additional pantries between the initial dietary recall and the follow-up recall, and
the present study and others have reported that clients may use multiple pantries [7,27,28]. A large
proportion of the secondary recalls were collected on a weekend day; previous research has indicated
that diet quality is lower and energy intake is higher on weekends compared to weekdays [29], which
may have biased the results. The lag time between the first and second 24-h recall could range from two
days to two weeks, and it was noted that the amount of food provided by pantries is typically small.
This study population had an average lag time of 3.7 days with both a median and mode of two days.
Thus, in a study population where most participants reported foods lasting a few days to two weeks,
application of the results is appropriate. In support of this conclusion, lag time was inversely associated
with change in Whole Fruit score, suggesting that improvement in whole fruit intake decreases as time
passes after visiting the pantry. Finally, because of the nature of the emergency food system, the study
sample was disproportionately food-insecure and therefore there was a discrepancy in the sample
sizes of the food security groups after stratification. This may have resulted in increased power for
statistically significant changes in dietary intake patterns in the food-insecure group compared to the
food-secure group, and thus underestimated the impact of pantry foods on diet for food-secure clients.
The sample size of the present study was based on a meaningful change in HEI total score; thus, the
study may not have had statistical power to detect differences in HEI component scores before and
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after a pantry visit, and may explain the several non-significant results. This could be improved in
future studies by increasing sample size, and ultimately statistical power.
5. Conclusions
Food pantries may be utilized to increase dietary variety for all patrons as well as energy intake,
number of meals consumed, and fruit intake specifically among food-insecure pantry clients. Food
pantries may be an ideal environment for a dietary intervention to improve food security and dietary
intake patterns by improving the quality, quantity, and variety of foods offered. Future research
should focus on determining the usual nutrient and food group intake of food pantry clients and
comparing the intake by food security status while adjusting for potential confounders in efforts to
examine how pantry foods may mediate dietary intake differently among and between food-secure
and food-insecure pantry clients.
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Abstract: This study evaluated the impact of a 6-month school nutrition intervention on changes
in dietary knowledge, attitude, behavior (KAB) and nutritional status of Syrian refugee children.
A quasi-experimental design was followed; Syrian refuge children in grades 4 to 6 were recruited
from three informal primary schools (two intervention and one control) located in the rural Bekaa
region of Lebanon. The intervention consisted of two main components: classroom-based education
sessions and provision of locally-prepared healthy snacks. Data on household socio-demographic
characteristics, KAB, anthropometric measures and dietary intake of children were collected by
trained field workers at baseline and post-intervention. Of the 296 school children enrolled, 203
(68.6%) completed post-intervention measures. Significant increases in dietary knowledge (β = 1.22,
95% CI: 0.54, 1.89), attitude (β = 0.69, 95% CI: 0.08, 1.30), and body mass index-for-age-z-scores
(β = 0.25, 95% CI = 0.10, 0.41) were observed among intervention vs. control groups, adjusting for
covariates (p < 0.05). Compared to the control, the intervention group had, on average, significantly
larger increases in daily intakes of total energy, dietary fiber, protein, saturated fat, and several key
micronutrients, p < 0.05. Findings suggest a positive impact of this school-based nutrition intervention
on dietary knowledge, attitude, and nutritional status of Syrian refugee children. Further studies are
needed to test the feasibility and long-term impact of scaling-up such interventions.
Keywords: nutrition; knowledge; refugees; children; school intervention; Lebanon
1. Introduction
Conflicts and forced displacement are among the main challenges facing our world today, with
more people being displaced by conflicts than any other time since World War II. According to the
United Nations High Commission for Refugees (UNHCR), a record number of 65.6 million people
were uprooted from their homes by conflict and persecution at the end of 2016, 22.5 million of whom
were refugees [1]. A refugee is defined as an individual who “owing to a well-founded fear of being
persecuted for reasons of race, religion, nationality, membership of a particular social group or political
opinion, is outside the country of his nationality, and is unable or unwilling to avail himself of the
protection of that country” [2].
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Refugees face tremendous challenges that affect their safety, health, livelihoods, and survival with
food and nutrition insecurity being considered as one of their basic challenges. Yet, refugee children
represent a particularly vulnerable population group that can suffer from the adverse consequences of
conflicts, poverty and food insecurity. Studies have shown that the lack of consistent access to safe
and nutritious food can have serious detrimental and long-lasting effects on the physical, cognitive,
and psycho-social development of children [3–6]. Children in food insecure households and with
poor dietary intakes may suffer from nutrient deficiencies, increased illnesses, poor general health,
and increased cognitive and behavioral problems that can affect not only their educational attainment,
but also their economic productivity later in life [7].
Despite the high vulnerability of refugee children to the adverse consequences of food insecurity
and poverty, few studies to date were conducted to explore the health and nutritional status of refugee
children in complex emergencies and protracted crises [8–10]. In fact, the limited research conducted
within crisis-settings focuses primarily on assessing the prevalence of malnutrition among young
children (<5 years), such as stunting, wasting, and anemia [11], with less emphasis being placed on the
nutritional status of school-aged children. Recent evidence highlights the importance of considering
older children, who may be equally, if not more, vulnerable to the adverse consequences of poverty
and food insecurity compared to their younger siblings [7,12,13]. In addition, school children are at
increased risk of poor dietary behaviors, including skipping breakfast, consuming low amounts of
fruits and vegetables, and adopting unhealthy snacking behaviors that can affect their nutritional
status and expose children to higher risk of weight gain and associated co-morbidities [14,15].
Although the first 1000 days of the child’s life remain a critical period to ensure adequate growth and
development [16–18], recent studies have shown that school-aged children and adolescents have the
potential for catch-up growth, which makes them a suitable age group to target through well-designed
nutrition interventions [19,20].
Schools can offer an optimal setting to reach out to a large number of children and to promote
healthy eating habits and lifestyle behaviors through classroom-based nutrition education, role
modeling of heathy behaviors and offering of nutritious snacks and meals [21,22]. Scientific evidence
supports the effectiveness of multi-component, school-based interventions in improving the dietary
and health-related knowledge and attitude of primary school-aged children [23–25]; however, evidence
is less consistent in terms of the impact of such interventions on children’s dietary behaviors [26,27].
A previous review on the effectiveness of school feeding programs in developing countries emphasized
the importance of integrating interventions that include nutrition and health educational components
to complement the provision of nutritious food and snacks within feeding programs to help alleviate
hunger and improve the children’s micronutrient status [28]. Despite the strong evidence supporting
the positive impact of school-based interventions, the effectiveness of such interventions in improving
the nutritional status of vulnerable children within conflict and displacement settings has not been
adequately explored [9].
Today, the Syrian refugee crisis represents one of the largest humanitarian disasters worldwide
with 5.5 million Syrian individuals fleeing the country since 2011 and seeking refuge in neighboring
countries, including Turkey, Jordan, and Lebanon [29]. Lebanon is a small middle income country in
the Middle East and North Africa region (MENA) region that has the highest per capita concentration
of refugees worldwide [30–32]. As of April 2018, slightly less than a million Syrian individuals were
registered with the UNHCR in Lebanon as refugees, of which, 36% (354,326 individuals) reside in
the Bekaa, a rural and underdeveloped region that is geographically close to the Syrian–Lebanese
border [33]. The high influx of Syrian refugees to the impoverished host communities in the Bekaa
have added further strain to the limited resources and basic services available, including access to
adequate food, water, shelter, education, and health services [34,35].
This study aimed to evaluate the impact of a 6-month pilot school-based nutrition intervention on
changes in dietary knowledge, attitude, and behavior of Syrian refugee children enrolled in informal
primary schools located in the rural region of the Bekaa in Lebanon. A secondary objective of the
55
Nutrients 2018, 10, 913
study was to explore the effect of the intervention on the dietary intake and nutritional status of
children. Findings from this pilot project can provide the evidence for conducting multi-component
interventions that aim at alleviating food insecurity and improving the nutritional status and health
outcomes of children residing in low-income, conflict-affected settings.
2. Materials and Methods
2.1. Study Design and Population
This was a quasi-experimental study conducted as part of a larger two year-project called ‘GHATA:
Bringing Education to Informal Tented Settlements’. The GHATA project aimed to design three
modular schools that provide Syrian refugee children aged 6 to 14 years with a credentialed education
and adequate nutrition through offering healthy snacks and nutrition education. These informal
schools served as spaces for provision of education and child protection programs targeting Syrian
refugees living in some of the most underserved communities in the Bekaa. As of 2016, it has been
estimated that more than 250,000 children, approximately half of school-aged Syrian children registered
in Lebanon, are out of school [36], and only 15% of refugee children in the Bekaa valley are enrolled in
schools [37].
The informal modular schools built within the GHATA project welcomed refugee children who
dropped out of school due to the war in Syria and assisted in overcoming some of the main reported
barriers limiting Syrian refugee children from enrolling within the Lebanese public school system.
These barriers included the cost of education, the need for child labor, limited capacities for registration
in schools, language and social integration difficulties [36]. Schools were structurally designed by the
Center for Civic Engagement at the American University of Beirut (AUB) and were managed by the
Kayany Foundation, a local non-governmental organization that provides education to disadvantaged
Syrian refugee children.
For the purpose of this study, two of the three informal schools were randomly selected to serve
as intervention schools and the third served as a control school. Schools had similar school enrollment
capacities and community characteristics (such as the number of public schools in the area and
number of hospitals). Each school had on average a total of 640 students enrolled in grades one to six.
Each grade level had three sections with an average classroom size of 27 students. The three schools
were located approximately 10–14 km away from each other and were situated in the three areas of
Majdal Anjar, Saadneyil, and Bar Elias within the Bekaa valley, Lebanon. The intervention conducted
in this study focused on school children enrolled in grades 4 to 6 within the three informal schools.
2.2. Sample Size and Recruitment
A power calculation was performed prior to the start of the study indicating that at least
64 students (32 students from intervention and 32 students from control) were required to detect
a significant difference in dietary knowledge scores (effect size = 2.8) between intervention and control
groups with 80% power and 95% confidence interval. The expected effect size was based on results
from another school-based nutrition intervention conducted among children enrolled in grades 4 and
5 within public schools in Lebanon [14]. An additional 25% was added to the sample size to account
for potential dropouts and incomplete data. The intended sample size was 80 school children, and the
final sample enrolled at baseline consisted of 296 children (195 from intervention schools and 101 from
control school), please see supportive material Figure S1 (flow diagram for study participants).
The present study was conducted over two academic years (2015–2016 and 2016–2017).
Recruitment of the study population took place in September at the beginning of each of the consecutive
school years during the registration period. After receiving approval from schools’ administration,
the research team approached parents of children enrolled in grades 4 to 6 during the school registration
period explaining the purpose of the study. Parents who agreed to participate in the study were
contacted to schedule interviews for data collection with children and their mothers at a date of their
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preference within a private classroom in their respective schools. Schools were considered a convenient
site to conduct the interviews as they were located only a walking distance (5–10 min) from the
informal tented settlements (refugee camps) where school children and their families reside. All study
participants gave their informed consent for inclusion before participating in the study. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the
Ethics Committee of American University of Beirut (NUT.LJ.07).
2.3. Description of Intervention
The school-based nutrition intervention implemented in the present study was composed of two
main components: (1) delivering health and nutrition education modules on a bi-weekly basis; and
(2) providing children with locally-prepared nutritious snacks. Children in grades 4 to 6 within the
intervention schools received the combination of both components, whereas children in the control
school received their usual curriculum and a standard snack. Children in the control group received
all the intervention material at the end of the second year of the project. The research team conducted
field trip observations, meetings with school supervisors, and short evaluation surveys with children
to assess fidelity to the project. Results from this process evaluation showed good adherence to the
intervention components and any challenges were addressed throughout the study duration.
2.3.1. Classroom-Based Educational Sessions
The classroom-based health and nutrition education modules developed in this study were
tailored for children in the upper elementary school levels and were based on the social cognitive theory,
focusing primarily on observational learning, behavioral capability and self-efficacy. Prior school-based
interventions showed modest effectiveness of this theory and its constructs to help increase the
cognitive and behavioral skills of children and improve their dietary behaviors both at home and
at school [21,38,39]. A total of 12 interactive classroom-based health and nutrition sessions were
delivered by classroom teachers on a bi-weekly basis over a period of 6 months. Each of the educational
sessions lasted approximately 45 min. Topics covered within these educational sessions included basic
hygienic practices, importance of consuming breakfast daily, role of fruits and vegetables in a healthy
diet, benefits of consuming water versus sugar-sweetened beverages, healthy snacking behaviors,
and importance of physical activity. Hands-on activities and games were incorporated as part of these
educational sessions to reinforce the main messages within each module. In addition, school teachers
within the intervention schools were given a resource box that included visually-appealing and
culturally-sensitive posters and printed material, such as the Lebanese food guide pyramid, the World
Health Organization (WHO) poster for an adequate hand washing technique, to be mounted on the
walls within the classrooms and throughout the school facilities. These visual aids were intended to
reinforce and promote healthy eating behaviors, handwashing, among other basic hygiene practices
among children. Intervention schools were also provided with physical activity resources that can
be used as part of the physical education and activity sessions, such as skipping ropes, hula hoops,
and balls.
To assist teachers with implementing the health and nutrition sessions, two-day training-of-trainers
workshops were conducted at the beginning of the school year and a refresher training was conducted
mid-year to ensure fidelity to the intervention. During the training workshops, intervention toolkits
that included educational lesson plans, games, activities, and other supportive material were provided
to all trained school teachers. Teachers were also provided with knowledge, skills, and relevant
resources required for effective delivery of the intervention. The toolkit and all educational lesson plans
were developed by a team of nutrition experts at the Department of Nutrition and Food Sciences at
AUB using a variety of resources including the United States Department of Agriculture (USDA) online
resources, age-appropriate science textbooks adopted by the Lebanese public schools, and published
material and evidence available from similar low-to-middle-income country (LMIC) settings [12,14,40].
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All educational materials were pilot tested with the school teachers at the beginning of the intervention
to ensure cultural-sensitivity and appropriateness.
2.3.2. Locally-Prepared Nutritious Snacks
One of the main components of the GHATA project was to establish small kitchens or cooking
units within the three newly established schools and to provide training to kitchen employees hired
from the local Syrian refugee community to prepare nutritious and safe snacks to children during
the school year. Children in the intervention group were provided with one snack item on a daily
basis during the school break according to a pre-planned weekly menu. Food availability and children
acceptability were taken into consideration by the research team when planning for the weekly snack
menus. Snacks consisted of cheese or ‘labneh’ sandwiches, spinach pies, or thyme pastries (known
as ‘manakeesh’). In addition, children were offered fruits (oranges, apples, or bananas) twice a week,
depending on seasonality, availability, and cost. The snack offered to children in the intervention
schools supplied on average 357 kcal per day, 11 g protein, 58 g carbohydrates, and 9 g of fat. Dietary
needs of children for calcium, iron, vitamins A and C were also considered as part of the snack
planning and composition using the Dietary Reference Intakes (DRI) as a reference. Children in the
control group also received standard daily snacks that consisted of thyme pastries, a locally-acceptable
and affordable choice offered in public schools in the country. The standard snack supplied children
on average with 294 kcal per day, 4.9 g protein, 31 g carbohydrates, and 17 g of fat. Children in the
intervention and control schools found the offered snacks to be favorable and consumed them regularly.
Only few children in the intervention schools expressed a preference to spread cheeses rather than
locally-produced white cheese varieties at the beginning of the study, and were thus offered alternative
sandwich options. It is worth noting that shortly afterwards, children expressed content with the
offered white cheese options after noticing their peers in the school consuming and enjoying these
varieties. All children in the intervention and control groups received daily snacks, regardless of their
involvement in the study.
2.4. Data Collection (Instruments and Outcomes)
Face-to-face interviews with children and their mothers, who served as proxy respondents,
were conducted by a team of trained field workers at the beginning of each of the academic years
(September–October; 2015–2016 and 2016–2017) to collect baseline data. Measurements included
sociodemographic characteristics of households, dietary knowledge, attitude and behavior (KAB)
of children, as well as children’s anthropometric measurements and dietary intake. Measurements
of KAB, anthropometrics, and dietary intake were repeated at the end of each of the school years
(May–June). Interviews lasted on average 45 min.
2.4.1. Socio-Demographic Characteristics
Information on child’s gender and age, maternal age, educational level, employment, income,
access to food assistance, and living conditions of household were obtained during interviews with the
mother of the child. The crowding index (CI) is a proxy measure of household socio-economic status
that has been previously used in Lebanon and other LMIC settings providing reliable results [41–43].
CI was calculated as the total number of household members divided by the total number of rooms in a
household (excluding kitchens, bathrooms and balconies) [41]. Household food security status was also
assessed using an Arabic-translated, locally validated version of the Household Food Insecurity Access
Scale (HFIAS) [43]. The HFIAS consisted of nine questions that ask about modifications households
made in their diet or food consumption patterns due to limited resources to acquire food, each of
which can be answered as ‘No’, ‘Rarely’, ‘Sometimes’, and ‘Often’ with an individual score of “0”, “1”,
“2”, and “3”, respectively. This 9-question scale produces a total score between 0 and 27 with higher
scores indicating higher food insecurity [44].
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2.4.2. Knowledge, Attitude and Behavior (KAB)
The dietary knowledge, attitude and behavior (KAB) of children were assessed at baseline and
at 6 months follow-up using a 32-item questionnaire. The questionnaire included three sections:
(1) nutrition knowledge section (15 questions); related to the importance of breakfast, fruits, vegetables
and water consumption, healthy snacking, benefits of being physically active; (2) nutrition attitude
section (10 questions); it included statements about healthy eating and making healthy food choices;
and (3) dietary and lifestyle behaviors’ section (7 questions), such as frequency of fruits, vegetables,
dairy consumption, snacking, skipping meals and watching TV. The KAB-related questions were
either formulated or adapted from published questionnaires and school-based studies conducted in
Lebanon [14] and other middle-income country settings [12,40,45]. All questions were reviewed by one
academic coordinator and 3 school teachers from the participating schools and were also pre-tested
with 20 school children (aged 11–14 years) from the local Syrian refugee community to ensure accuracy,
clarity and cultural-adequacy. Minor modifications were made to the questions according to feedback
from children and teachers.
The questions on dietary knowledge, attitude and behaviors were separately analyzed. For the
nutrition knowledge questions, each correct response was allocated a score of 1 point and an incorrect
or no response was allocated 0 point. The total knowledge score ranged between 0 and 15 points with
higher scores indicating the child displayed better nutritional knowledge. For the attitude statements,
each question was measured on a 3-point Likert scale (1 = I agree, 2 = I am not sure, 3 = disagree) using
faces that expressed these scales to make it easier for children to report their answers. The 10 attitude
statements were also summed into a single score (range 0–10); whereby the favorable options (I agree)
were given 1 point each and unfavorable options (I am not sure or disagree) were given 0 point.
A higher attitude score reflected more positive attitude towards healthy eating. For questions related to
dietary and lifestyle behaviors, favorable options were also given a score of 1 and unfavorable options
were given a score of 0. The total behavior score ranged between 0 and 22 points with a higher score
reflecting good dietary and lifestyle behaviors of children. Details related to the number of options for
each of the KAB questions and the coding of correct answers are presented as supporting material
(Table S1).
2.4.3. Dietary Intake
The dietary intake of children was assessed at baseline and at follow up by trained nutritionists
using the 24-h dietary recall approach. Mothers were present at the time of the interview and served
as proxy respondents. Interviewers followed the 5-steps USDA multiple pass method when collecting
data on the food, beverage, and snack intake of children during the previous 24-h period or any other
typical day during that week. Only few children reported dietary intake from a day different to that
of the previous day. An atypical day included limited food availability at home for the child or the
child was fasting for religious purposes during a month different than the fasting month of ‘Ramadan’,
typically observed by Muslims. The steps included (1) the quick list; (2) the forgotten foods list; (3) time
and occasion at which foods were consumed; (4) the detail cycle; and (5) the final probe [46]. To assist
children and their mothers in assessing the portion sizes and amounts of food consumed at home and
at school by the child, two-dimensional portion size posters, household measures and graduated food
models were used (Millen and Morgan, Nutrition Consulting Enterprises, Framingham, MA, USA).
Daily energy, macronutrient and micronutrient intake of children were computed from the 24-h recalls
using the food composition database of the Nutritionist Pro software (Nutritionist Pro, Axxya Systems,
San Bruno, CA, USA, version 5.1.0, 2018). The software food database was expanded by adding
analyses of locally consumed foods and recipes [47]. Given that there are no gender- or age-specific
DRIs for Middle Eastern populations, values arising from the analyzed data were compared to the
US-based DRIs for children, as recommended by the Institute of Medicine [48].
59
Nutrients 2018, 10, 913
2.4.4. Anthropometric Measures
Anthropometric measurements of children (weight, height, waist circumference) and their
mothers (weight and height) were obtained by the trained nutritionists. Measurements were carried
out only at baseline for mothers and at baseline and follow up for children using standard protocols
and equipment. Weight was measured to the nearest 0.1 kg in light indoor clothing and with bare
feet or stockings, using a portable standard calibrated balance (Seca model 877, Germany) and height
was measured, without shoes, to the nearest 0.1 cm using a portable stadiometer (Seca, model 213,
Hamburg, Germany). A non-stretchable measuring tape (Seca model 201, Germany) was used to
measure waist circumference of children at the level of the umbilicus to the nearest 0.1 cm, with the
subject standing and after normal expiration. All measurements were taken twice and the average of
the 2 values was reported. Body mass index (BMI) (kg/m2) was calculated by dividing the weight (kg)
over the height squared (m2). Mothers were categorized as normal, overweight or obese based on the
WHO classifications [49]. Age and gender-specific BMI z-scores (BAZ), height for age z-scores (HAZ)
and weight for age z-scores (WAZ) were calculated for children using the WHO Anthro Plus software
(1.0.4) [50]. Children were classified as thin, normal weight, overweight, and obese based on the WHO
age and gender-specific cut-offs [51]. Stunting and underweight were defined as HAZ < –2 SD and
WAZ < –2 SD of the WHO child growth standards median, respectively [51]. In addition, the Waist to
height ratio (WHtR) was calculated by dividing waist circumference (WC) by height, both measured
in centimetres [52]. The cut-off point of ≥0.5 was used to identify children with elevated WHtR, an
indicator of abdominal obesity among children [52,53].
2.5. Data Analysis
Data were entered and analyzed using Stata/SE version 12 (StataCorp., College Station, TX, USA).
Descriptive statistics were performed and presented as means and standard error (SE) for continuous
variables or as frequencies and proportions for categorical variables. At baseline, comparisons of
sociodemographic and anthropometric characteristics of participants between intervention and control
groups were assessed using clustered independent t-tests and chi-square analyses (stata command
clttest and clchi). Paired t-tests were used to compare independently the differences in KAB scores,
energy and nutrient intakes between baseline and 6-months follow up within each of the intervention
and control groups (within-group differences). In addition, between-group differences (intervention
versus (vs.) control groups) in mean changes of scores (i.e., follow-up minus baseline scores) were
evaluated using clustered independent t-tests. Additionally, two-way analysis of variance was
conducted to test differences in mean changes of KAB scores and anthropometric measurements
between intervention/control and school year. No significant interactions were found between group
status and school year with mean change in dietary knowledge, attitude or behavior scores and
with anthropometric measurements (p > 0.05). Multiple linear regression analyses were conducted
to test the effect of the nutrition intervention on mean changes in dietary KAB and anthropometric
measures (BMI for age z-score (BAZ), waist to height ratio (WHtR), HAZ, and WAZ) among children,
adjusting for covariates found significantly different at baseline between intervention and control
groups. In case two variables were highly correlated (p-value < 0.001), then one of the variables was
excluded from the model to avoid multicollinearity. Linear regressions were performed using the
wild cluster bootstrap-t procedure (stata command cgmwildboot) [54,55]. This procedure provides
adequate power and desirable false rejection rates for performing statistical inference, even for data
with small numbers of clusters [55]. Sensitivity analyses were conducted to determine whether our
conclusions were biased by incomplete data. We accounted for missing values, which were assumed
to be missing at random, using a simulation-based statistical technique (namely, multiple imputations).
Imputed models showed that the majority of results were similar to the complete case analyses; see
Tables S2 and S3 in supportive material. A p-value of <0.05 was considered statistically significant.
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3. Results
Survey data were collected at baseline from 296 school children out of 318 that were contacted
to take part in the study (93% response rate). Data at baseline and at follow up was available for
203 children (completion rate = 68.6%). The sample size was reduced to n = 183 due to clustering
effect. At baseline, the mean age of children was 11.04 ± 0.23 years with an approximately equal
gender distribution among the study sample (50.7% females and 49.3% males). Almost a third of their
mothers had intermediate level education or more, whereas 42% of fathers had similar educational
levels. The majority of mothers (94.4%) and 43% of fathers were unemployed. Approximately 63% of
households reported an average monthly income less than 200 USD and the majority received some
form of assistance in the past three months, either in the form of food baskets, e-card, or as conditional
cash. Significant socio-demographic and anthropometric differences were observed between the
intervention and control groups at baseline (p < 0.05) and are presented in Table 1. No significant
differences were noted between intervention and control groups at baseline with respect to dietary
knowledge (range 0–15) and behavior scores (range 0–22). However, dietary attitude scores (range
0–10) were found to be on average significantly higher at baseline among children in the intervention
compared to the control group (8.18 ± 0.18 vs. 7.47 ± 0.23, p = 0.047).
Table 1. Baseline socio-demographic and anthropometric characteristics of school-aged children






(n = 89) p-Value
1
Socio-demographic characteristics
Child’s age (years), Mean ± Standard Error
(SE) 11.04 ± 0.23 11.16 ± 0.31 10.89 ± 0.47 0.651
Child’s gender, n (%)
Males 100 (49.3) 58 (50.9) 42 (47.2) 0.458
Females 103 (50.7) 56 (49.1) 47 (52.8)
Mother’s age (years), Mean ± SE 35.75 ± 0.41 36.16 ± 0.67 35.25 ± 0.75 0.395
Mother’s education, n (%) 0.0001
No school 51 (25.9) 18 (16.2) 33 (38.4)
Primary school 76 (38.6) 37 (33.3) 39 (45.3)
≥Intermediate school 70 (35.5) 56 (50.5) 14 (16.3)
Mother’s employment, n (%) 0.910
Unemployed 186 (94.4) 105 (94.6) 81 (94.2)
Employed 11 (5.6) 6 (5.4) 5 (5.8)
Father’s education, n (%) 0.003
No school 35 (17.9) 11 (10.0) 24 (27.9)
Primary school 78 (39.8) 45 (40.9) 33 (38.4)
≥Intermediate school 83 (42.3) 54 (49.1) 29 (33.7)
Father’s employment, n (%) 0.715
Unemployed 84 (43.1) 47 (42.7) 37 (43.5)
Employed 111(56.9) 63 (57.3) 48 (56.5)
Monthly income (USD dollars), n (%) 0.754
<200 121 (62.7) 70 (64.8) 51 (60.0)
200–399 61 (31.6) 31 (28.7) 30 (35.3)
≥400 11 (5.7) 7 (6.5) 4 (4.7)
Crowding index 2, Mean ± SE 5.83 ± 0.53 4.72 ± 0.26 7.14 ±0.28 0.0004
Household Food insecurity score, Mean ± SE 15.37 ± 0.71 14.31 ± 0.83 16.64 ± 1.09 0.132
Household Food Insecurity status 3, n (%) 0.021
Non-severely food insecure 41 (20.9) 30 (27.3) 11 (12.8)
Severely food insecure 155 (79.1) 80 (72.7) 75 (87.2)
Receive assistance (Yes), n (%) 161 (82.6) 88 (80.0) 73 (85.9) 0.250
Food assistance: food basket 4 (Yes), n (%) 43 (22.1) 17 (15.5) 26 (30.6) 0.010
Food assistance: e-card 5 (Yes), n (%) 152 (77.9) 80 (72.7) 72 (84.7) 0.069
Conditional cash 6 (Yes), n (%) 12 (6.2) 6 (5.5) 6 (7.1) 0.670
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(n = 89) p-Value
1
Anthropometric characteristics 7
Mothers (n = 171)
Body Mass Index (BMI) (kg/m2), Mean ± SE 29.66 ± 0.35 29.09 ± 0.59 30.33 ± 0.64 0.197
BMI status 8, n (%) 0.189
Normal (≤24.9 kg/m2) 35 (18.5) 22 (21.4) 13 (15.1)
Overweight (25.0–29.9 kg/m2) 67 (35.4) 39 (37.9) 28 (32.6)
Obese (≥30 kg/m2) 87 (46.0) 42 (40.8) 45 (52.3)
Children
Weight (kg), Mean ± SE 35.62 ± 1.37 37.24 ± 1.62 33.58 ± 2.34 0.239
Height (cm), Mean ± SE 141.63 ± 1.70 143.86 ± 1.98 138.82 ± 2.89 0.193
Waist Circumference (cm), Mean ± SE 67.27 ± 1.03 68.22 ± 1.43 66.10 ± 2.02 0.412
BMI for Age Z-score (BAZ), Mean ± SE 0.03 ± 0.06 0.11 ± 0.10 −0.06 ± 0.12 0.297
BAZ, n (%) 0.524
Thin (BAZ ≤ −2) 5 (2.5) 2 (1.8) 3 (3.4)
Normal (−2 < BAZ ≤ +1) 162 (80.6) 87 (77.7) 75 (84.3)
Overweight (+1 < BAZ ≤ +2) 22 (10.9) 14 (12.5) 8 (9.0)
Obese (BAZ > +2) 12 (6.0) 9 (8.0) 3 (3.4)
Waist to Height ratio (WHtR), Mean ± SE 0.48 ± 0.003 0.48 ± 0.006 0.48 ± 0.007 0.926
WHtR, n (%)
WHtR < 0.5 142 (75.1) 76 (71.0) 66 (80.5)
WHtR ≥ 0.5 (elevated) 47 (24.9) 31 (29.0) 16 (19.5)
Height for age Z-score (HAZ), Mean ± SE −0.40 ± 0.11 −0.16 ± 0.11 −0.71 ± 0.12 0.011
HAZ, n (%) 0.438
HAZ ≥ −2 178 (88.6) 100 (89.3) 78 (87.6)
HAZ < −2 (stunted) 23 (11.4) 12 (10.7) 11 (12.4)
Weight for age Z-score (WAZ) 9, Mean ± SE −0.003 ± 0.21 0.31 ± 0.39 −0.34 ± 0.58 0.418
WAZ, n (%) 0.538
WAZ ≥ −2 74 (96.1) 37 (97.4) 37(94.9)
WAZ < −2 (underweight) 3 (3.9) 1 (2.6) 2 (5.1)
Knowledge Attitude Behavior (KAB) scores 10
Knowledge scores, Mean ± SE 9.85 ± 0.14 10.06 ± 0.20 9.69 ± 0.22 0.260
Attitude scores, Mean ± SE 7.88 ± 0.20 8.18 ± 0.18 7.47 ± 0.23 0.047
Behavior scores, Mean ± SE 9.07 ± 0.46 9.82 ± 0.53 8.31 ± 0.71 0.133
1 Comparison of baseline characteristics between intervention and control groups was conducted for continuous and
for categorical variables using clustered independent and chi-squared tests. Statistical significance was determined
at p-value <0.05. 2 Crowding index: the average number of people per room, excluding the kitchen and bathroom.
3 Households were grouped into four levels of food insecurity: food secure (2.6%); mildly food insecure (2.5%);
moderately food insecure (15.8%); and severely food insecure (79.1%). 4 World Food Programme (WFP) distributes a
food basket tailored to beneficiaries’ nutrition needs, preferences, activity levels and other factors (climate condition,
demographic profile, and existing levels of malnutrition and disease [56]. 5 WFP provides electronic vouchers
that allow beneficiaries to purchase food at local shops [57]. 6 Cash transfers given to stimulate beneficiaries to
invest in their health, nutrition and education [58]. 7 Anthropometric measurements of mothers and children were
categorized based on World Health Organization (WHO) classification [49,51]. 8 Mothers with underweight BMI
(n = 3) were added to the normal BMI group. 9 Weight for age z-scores were assessed only for children ≤10 years
old (n = 68) as per the WHO growth charts [51]. 10 The total knowledge, behavior and attitude scores ranged:
0–15 points, 0–10 points and 0–22 points, respectively.
Table 2 presents between-group differences (intervention versus control) with respect to mean
change from baseline to 6-months follow up in dietary knowledge, attitude and behavior scores as
well as anthropometric measures of children in the study sample. Compared to the control group,
a greater change in knowledge scores was observed among the intervention group (2.25 ± 0.22 vs.
0.89 ± 0.24, p = 0.002). Similarly, greater changes in BAZ and HAZ scores were noted among children
in the intervention compared to control groups, (0.10 ± 0.06 vs. −0.10 ± 0.08, p = 0.039 and 0.39 ± 0.04
vs. 0.24 ± 0.05, p = 0.024). No other significant differences in mean changes of attitude, behavior, WAZ
scores and WHtR were noted between intervention and control groups. Within-group differences in
KAB and anthropometric measures were presented in Table S4, as supplementary material.
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Using linear regression models, the mean change in dietary knowledge scores increased on
average by 1.22 units (95% CI = 0.54, 1.89; p < 0.001) among children in the intervention compared
to the control group, even after adjusting for other covariates (Table 3). Similarly, the mean change
in dietary attitude scores increased by 0.69 units (95% CI = 0.08, 1.30, p = 0.026) in the intervention
group within the regression model, while the mean change in behavior scores was not found to be
significantly different by group status (intervention vs. control) (see Table 3).
Table 2. Between-group differences (intervention versus control) in mean change of nutrition knowledge,
attitude, behavior scores and anthropometric measures of school-aged children (n = 183).
Intervention (n = 102) Control (n = 81)
p-Value 1
Mean Change ± SE
Knowledge Attitude Behavior (KAB) scores 2
Knowledge scores 2.25 ± 0.22 0.89 ± 0.24 0.002
Attitude scores 0.97 ± 0.17 0.82 ± 0.19 0.294
Behavior scores 0.36 ± 0.72 0.43 ± 0.96 0.521
Anthropometric measurements
BMI for Age Z-score (BAZ) 0.10 ± 0.06 −0.10 ± 0.08 0.039
Waist to Height ratio (WHtR) −0.01 ± 0.008 −0.02 ± 0.008 0.260
Height for age Z-score (HAZ) 0.39 ± 0.04 0.24 ± 0.05 0.024
Weight for age Z-score (WAZ) 3 0.32 ± 0.12 0.08 ± 0.18 0.177
1 Differences in mean changes (follow up minus baseline) of KAB scores and anthropometric measures between
intervention and control groups were conducted using clustered independent tests. Statistical significance was
determined at p-value < 0.05. 2 The total knowledge, behavior and attitude scores ranged: 0–15 points, 0–10 points
and 0–22 points, respectively. 3 Weight for age z-scores were assessed only for children ≤10 years old (n = 68) as per
the WHO growth charts [51].
Table 3. General linear regression models for mean change in nutrition knowledge, attitude and
behavior scores among school-aged children in the study sample † (n = 183).
Mean Change in
Knowledge Scores
Adjusted β (95% CI)
Mean Change in
Attitude Scores
Adjusted β (95% CI)
Mean Change in
Behavior Scores
Adjusted β (95% CI)
Group status
(Intervention) 1.22 (0.54, 1.89), p < 0.001 0.69 (0.08, 1.30), p = 0.026 −0.20 (−2.53, 2.14)
School year (Year 2) 0.26 (−0.63, 1.15) −0.63 (−1.07, −0.19), p = 0.005 0.37 (−0.99, 1.73)
Child’s age −0.18 (−0.49, 0.13) 0.02 (−0.24, 0.28) 1.56 (0.45, 2.68), p = 0.006
Gender (Females) 0.04 (−0.60, 0.68) 0.33 (−0.26, 0.93) 0.80 (−1.06, 2.65)
Mother’s education
No school (Ref.) — — —
Primary −0.19 (−1.04, 0.65) 0.02 (−0.80, 0.84) −1.54 (−3.82, 0.75)
Intermediate to higher 0.02 (−0.89, 0.93) −0.17 (−0.97, 0.62) −1.73 (−4.28, 0.83)
Father’s education
No school (Ref.) — — —
Primary −0.54 (−1.14, 0.06) −0.29 (−0.98, 0.40) −1.23 (−3.50, 1.03)
Intermediate to higher −1.59(−2.14, −1.05), p < 0.001 −0.54 (−1.32, 0.23) −0.07 (−2.39, 2.25)
Crowding Index −0.01 (−0.17, 0.15) 0.12 (0.01, 0.24), p = 0.040 0.05 (−0.25, 0.35)




insecure (Ref.) — — —
Severely food insecure −0.40 (−1.13, 0.32) 0.19 (−0.35, 0.74) 2.20 (0.93, 3.48), p = 0.001
Height for age Z-score
(HAZ) 0.23 (−0.01, 0.46) −0.12 (−0.36, 0.13) 0.53 (−0.02, 1.08)
† Variables adjusted for in the three models testing the impact of group status were variables found significantly
different at baseline between intervention group (IG) and control group (CG). These variables include school year,
child’s age, mother‘s and father’s educational levels, crowding index, receiving assistance (food basket), household
food insecurity status, and children’s anthropometric measures (HAZ).
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As for the anthropometric measures, there was a significant increase in mean BAZ scores among
children in the intervention compared to the control group (β = 0.25, 95% CI =0.10, 0.41; p = 0.001).
No other significant differences were noted between intervention and control groups in the regression
models with respect to WAZ, HAZ, or WHtR (see Table 4).
Table 4. General linear regression models for mean change in anthropometric measurements (BAZ,
WHtR, HAZ, and WAZ) among school-aged children in the study sample 1 (n = 183).
Mean Change in BAZ
Adjusted β (95% CI)
Mean Change in WHtR
Adjusted β (95% CI)
Mean Change in HAZ
Adjusted β (95% CI)
Mean Change in WAZ 2
Adjusted β (95% CI)
Group status
(Intervention) 0.25 (0.10, 0.41), p = 0.001 0.02 (−0.01, 0.05) 0.19 (−0.07, 0.45) 0.25 (−0.04, 0.54)
School year (Year 2) −0.05 (−0.14, 0.04) 0.01 (−0.03, 0.05) −0.11 (−0.24, 0.02) −0.05 (−0.11, −0.003),p = 0.039
Mother’s education
No school (Ref.) — — — —
Primary 0.01 (−20, 0.22) 0.02 (−0.06, 0.11) 0.10 (−0.80, 0.28) 0.02 (−0.13, 0.17)
Intermediate to higher −0.04 (−0.22, 0.13) −0.002 (−0.07, 0.06) 0.06 (−0.30, 0.42) 0.04 (0.02, 0.06), p < 0.001
Father’s education
No school (Ref.) — — — —
Primary −0.17 (−0.35, −0.001),p = 0.048 −0.02 (−0.07, 0.03) −0.04 (−0.34, 0.26)
−0.15 (−0.22, −0.07),
p < 0.001
Intermediate to higher −0.17 (−0.39, 0.06),p < 0.001 −0.002 (−0.06, 0.05) 0.01 (−43, 0.44)
−0.16 (−0.23, −0.10),
p < 0.001
Crowding Index −0.01 (−0.03, 0.01) 0.002 (−0.05, 0.01) 0.01 (−0.02, 0.05) −0.002 (−0.02, 0.01)




insecure (Ref.) — — — —
Severely food insecure 0.02 (−0.10, 0.15) 0.008 (−0.01, 0.03) 0.06 (−0.14, 0.26) 0.01 (−0.07, 0.09)
1 Variables adjusted for in the three models testing the impact of group status were variables found significantly
different at baseline between IG and CG. These variables include school year, mother‘s and father’s educational
levels, crowding index, receiving assistance (food basket), and household food insecurity status. 2 Weight for age
z-scores were assessed only for children ≤10 years old (n = 68) as per the WHO growth charts [51].
Between-group differences (intervention vs. control) with respect to mean change of energy intake
and macro-and micro-nutrients are presented in Table 5. Compared to the control group, children in the
intervention group had on average significantly higher mean changes in daily intakes of total energy
(kcal), dietary fiber, protein, and saturated fat (p < 0.05). In addition, children in the intervention group
had significantly higher mean changes in intakes of key micronutrients, including vitamin K (p < 0.001),
zinc (p = 0.037), calcium (p = 0.017), and magnesium (p = 0.007). It was also noted that between-group
differences for vitamin E and phosphorus approached statistical significance (p = 0.05). Within-group
differences were also noted in the study sample and were presented in supportive material (Table S5).
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Table 5. Between-group differences (intervention versus control) in mean change of total energy
(kcal/day) and macro-and micronutrient intakes (g/day) among school-aged children (n = 183).
Intervention (n = 102) Control (n = 81)
Mean Change Mean ± SE p-Value †
Energy intake (Kcal) 94.71 ± 68.80 −110.00 ± 77.02 0.0469
Macronutrients
Carbohydrates (g) 9.76 ± 9.89 −8.31 ± 11.07 0.132
Sugar (g) −1.36 ± 3.63 0.99 ± 4.07 0.661
Dietary fiber (g) 1.03 ± 1.01 −2.60 ± 1.19 0.027
Protein (g) 5.95 ± 1.94 −0.38 ± 2.17 0.033
Total fat (g) 3.25 ± 4.60 −8.35 ± 5.17 0.064
MUFA (g) 1.76 ± 3.49 −5.45 ± 4.76 0.130
PUFA (g) −6.45 ± 1.07 −2.04 ± 1.25 0.212
Saturated fat (g) 1.48 ± 0.82 −1.76 ± 0.92 0.017
Trans fat (g) −0.05 ± 0.04 0.03 ± 0.05 0.893
Table 5. Cont.
Intervention (n = 102) Control (n = 81)
Mean Change Mean ± SE p-Value †
Micronutrients
Vitamin C (mg) 10.41 ± 5.27 0.08 ± 5.90 0.116
Vitamin A (μg) 90.31 ± 53.18 −0.05 ± 69.22 0.167
Vitamin D (μg) 0.34 ± 0.20 0.12 ± 0.22 0.242
Vitamin E (mg) 0.12 ± 0.65 −1.70 ± 0.75 0.055
Vitamin K (μg) 124.08 ± 20.49 −36.90 ± 24.87 0.0001
Vitamin B1 (mg) 0.10 ± 0.08 −0.0001 ± 0.08 0.196
Vitamin B2 (mg) 0.08 ± 0.18 −0.01 ± 0.22 0.375
Vitamin B3 (mg) 1.36 ± 0.79 −0.03 ± 0.88 0.140
Vitamin B6 (mg) 0.11 ± 0.05 −0.01 ± 0.06 0.094
Vitamin B12 (μg) 0.06 ± 0.24 0.24 ± 0.30 0.676
Folate (μg) 12.41 ± 24.10 −19.97 ± 32.24 0.224
Iron (mg) 0.94 ± 1.21 −2.40 ± 1.65 0.073
Zinc (mg) 0.30 ± 0.55 −1.58 ± 0.70 0.037
Calcium (mg) 141.19 ± 40.61 −28.75 ± 50.59 0.017
Phosphorus (mg) 73.11 ± 34.11 −23.73 ± 38.20 0.050
Magnesium (mg) 26.76 ± 9.32 −18.29 ± 10.43 0.007
Sodium (g) 0.25 ± 0.13 0.03 ± 0.14 0.143
Potassium (g) 0.18 ± 0.10 −0.03 ± 0.12 0.109
† Differences in mean changes of nutrient intakes between intervention and control groups were conducted using
clustered independent tests. Statistical significance was determined at p-value < 0.05.
4. Discussion
The present study evaluated the impact of a pilot school-based nutrition intervention on
the dietary knowledge, attitude, behaviors and nutritional status of refugee children enrolled in
primary-level informal schools. To the best of our knowledge, this is the first school-based nutrition
intervention that combines nutrition education with provision of healthy snacks among primary-level
school children residing in refugee camp settings.
Findings from this pilot nutrition intervention suggest significant improvements in the dietary
knowledge and attitude of children post-intervention, even after adjusting for other covariates.
These results are consistent with findings from previous school-based interventions conducted among
primary-school children in LMIC settings [12,14,38,59]. The positive results in the present study could
be explained by the adoption of a theory-driven approach in our intervention, mainly the social
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cognitive theory, when developing the nutrition and health educational curriculum. Examples are
the use of evidence-base constructs suggested to be effective in changing dietary knowledge and
behaviors [60,61], such as observational learning through the role modeling of healthful behaviors by
school teachers and promoting behavioral capability and self-efficacy among children through games
and activities that build the confidence of children to identify what are healthy meal and snack choices,
and how to not skip breakfast and engage in fun and culturally-acceptable physical activities within
their context. In addition, the use of a multi-component approach that included classroom-based
health and nutrition education combined with provision of healthy snacks could have contributed to
the positive increases in children’s knowledge scores and to improvement in their attitude scores.
On the other hand, mean change in behavior scores was not found to be significantly different
between children from the intervention and control groups in the regression models. This finding was
not surprising as other school-based studies conducted in LMIC settings have shown mixed results with
respect to behavioral changes and outcomes. The HEALTH-E-PALS, a multi-component school-based
pilot intervention conducted in Lebanon among primary-level school children (9–11 years), showed
significant improvements in the nutritional knowledge, self-efficacy, and children’s dietary behaviors,
such as daily breakfast intake and lower consumption of chips and sweetened drinks, yet limited to
no significant increases in fruits and vegetables intake or in the children’s physical activity-related
behaviors. Similarly, Francis et al., 2010 reported reductions in intakes of sugar, fat and salt-dense
snacks and sodas, but no significant impact on the physical activity level of primary-school children
enrolled in a short-term school-based nutrition and physical activity intervention in Trinidad and
Tobago [38]. On the other hand, the HealthKick, a primary school nutrition intervention conducted in
low-income schools in Western Cape Province (South Africa), showed no significant improvements in
the snacking behaviors or the overall diet quality of grade 4 children [27].
Differences in results between our study and others may be attributed to a number of factors,
such as variations in intervention components, duration, or mode of delivery of intervention (by
school teachers vs. dedicated research team members or expert dietitians). Evidence in this field
also shows that nutrition education may improve the knowledge of children towards healthy eating
and active lifestyles; however, changing behaviors is a much more complex process that may be
influenced by a multitude of economic, environmental, cultural and social factors [39,62,63]. In the
case of the present study, it is worth considering the unique study population and the harsh context
where the school intervention was conducted within informal tented settlements (refugee camps).
In fact, baseline results show that the majority of children’s households in the study sample were
experiencing severe forms of food insecurity, had low socioeconomic status, and were dependent
on some form of humanitarian assistance. The poor living conditions of Syrian refugee children in
parallel with the limited resources available for their families within a refugee camp setting [64,65] can
make it reasonably challenging for children to access adequate food resources or make healthy dietary
and lifestyle choices, despite the significant improvements in their dietary knowledge. Other factors
that may hinder the ability of children to make significant behavioral changes may be related to their
psychological and mental health status. Most school-based interventions conducted within similar
refugee settings report the high levels of anxiety, fear, and depression experienced by children after
fleeing a war [26,27,66], in addition to the daily environmental stressors that they are exposed to in the
host country making healthier dietary choices more challenging and less attainable [67,68].
Our pilot intervention showed improvements in the dietary intake of refugee children as assessed
using the 24-h recall data. Compared to the control group, children in the intervention group
had on average significantly larger increases in intakes of total energy (kcal), dietary fiber, protein,
and saturated fats, as well as larger increases in intakes of vitamin K, zinc calcium, and magnesium.
These dietary changes may be attributed to the healthy snacks provided to children during the school
days. In fact, the snacks contributed on average to a 357 kcal per day, representing 16% of daily dietary
needs of children in this age group, while also meeting their daily needs for several micronutrients,
including calcium, iron, vitamins A and C (11–77% of dietary reference intakes). Although the mean
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change in intake of saturated fats was significantly higher among children in the intervention compared
to the control group, this increase may be explained by the consumption of full-fat dairy products,
which are rich in saturated fats. Nevertheless, dairy products represent a rich source of protein and
micronutrients including calcium, phosphorus and B-vitamins, and these products were not frequently
consumed among refugee children in the study sample. In addition, when examining the intake of
saturated fats as percent of total daily energy intake at follow up among children in the intervention
group, it was found to contribute to 7.2% of energy intake, which is still below the WHO upper limits
for saturated fat in this age group [69].
Findings from the present study showed a significant increase in mean BAZ scores among
children in the intervention group compared to control, even after adjusting for other covariates.
Nevertheless, the mean changes in WHtR (an indicator of abdominal obesity) [52,53] was not found
to be statistically significant between the intervention and control groups. In fact, when considering
within-group analyses, results showed that the proportion of overweight children did not differ
significantly between baseline and follow up within the intervention (20.5% vs. 21.4%) or control
groups (12.5% vs. 9.1%), rather the proportion of thin children decreased slightly in the intervention
group (1.8% to 0.8%) while it increased in the control group (3.4% to 4.5%), see supportive material
Table S6. Although, HAZ and WAZ scores were not found to be statistically significant between the
intervention and control groups in the complete case analysis, a larger increase in these scores could
have been detected with a larger sample size, as observed in the imputed models (Tables S2 and S3).
These results suggest that the intervention did not contribute to an increase in overweight and obesity
levels among children in the study sample, but rather to a potential improvement in their overall
growth. This increase could be explained by increases in energy intake among children receiving the
healthy snacks as part of the school intervention or it can be attributed to improvements in some of the
dietary behaviors of children post-intervention, even though the overall behavior scores did not reach
statistical significance. A previously published Cochrane review that examined the effectiveness of
obesity-prevention interventions supported the beneficial impact that programs conducted in schools
can have on BMI of children, particularly targeting those aged 6–12 years [70]. Interventions that were
found to be promising in that review were those that included a school curriculum addressing healthy
eating and physical activity, improving the nutritional quality of foods offered at schools and teacher
involvement, many of which were covered in the present study.
The present study has a number of strengths. This is the first study, to the best of our knowledge,
evaluating the impact of a multi-component school-based nutrition intervention on dietary knowledge,
behaviors and nutritional status of primary-level school children residing in refugee camp settings.
The sustainability of the intervention beyond the study duration was considered through training
school teachers on the educational curriculum and the establishment of cooking units within schools
and training kitchen employees to plan and prepare safe and nutritious snacks for children during
the school year. Another strength of the study is the overall acceptability and satisfaction of children
with the health and nutrition educational sessions and daily snack choices as assessed through field
observations, student evaluations, and meetings with teachers and school administration.
Although the findings of this pilot intervention were promising, the study has a number of
limitations that need to be considered. First, the study was conducted in one area of the country with a
small number of schools that may not be representative of the entire refugee population. Differences
between intervention and control groups were also noted at baseline and may have biased the results.
However, adjustments for all covariates found to be statistically significant between both groups were
done in the regression models. Lessons learned from this pilot intervention can provide insights for
future studies to be conducted in similar vulnerable population groups in order to reduce potential
selection bias between intervention and control groups. For example, the duration of the refugees’
stay in the host country and their place of residence (rural or urban context) prior to migration are
important to consider when setting the inclusion and exclusion criteria, as these factors may contribute
to their socioeconomic, cultural background and potential differences. Another limitation of the study
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is the use of a single 24-h recall to estimate dietary intake, which may have been subject to recall
bias. Nevertheless, every attempt was exerted to minimize recall bias through collecting dietary data
from children in the presence of their mothers (as proxy respondents). In addition, interviewers were
trained nutritionists who received extensive training to reduce judgmental verbal and non-verbal
communication and underwent a 2-day training workshop to ensure the standardization of data
collection protocol. The research team also faced several challenges when conducting this intervention,
such as the high turnover of teachers in schools due to their refugee status and their relocation into
other areas in Lebanon or immigration to other countries. Nevertheless, training of new teachers
was conducted throughout the school year, in addition to the pre-scheduled training and refresher
workshops at the beginning and middle of the academic year to ensure fidelity to the intervention
protocol. Another limitation was the high attrition rate (31.4%) noted in the study and that can be
attributed to the low attendance of children at the end of the school year when post-intervention visits
were scheduled, as children were skipping school days to assist their families in agriculture-related
activities during the harvest season. Nevertheless, sensitivity analyses showed that the majority of
results were still similar between the complete case and imputed model analyses.
In conclusion, findings from the present study suggest a promising impact of a combined nutrition
education and healthy snack intervention on the dietary knowledge and nutritional status of refugee
primary-school children. Future studies are needed to test the feasibility of scaling up such nutrition
interventions within low-income and conflict-affected settings and to evaluate their long-term impact
on children’s overall health and nutritional status.
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Abstract: To better understand the barriers to implementing policy; systems; and environmental
(PSE) change initiatives within Supplemental Nutrition Assistance Program-Education (SNAP-Ed)
programming in U.S. rural communities; as well as strategies to overcome these barriers, this study
identifies: (1) the types of nutrition-related PSE SNAP-Ed programming currently being implemented
in rural communities; (2) barriers to implementing PSE in rural communities; and (3) common
best practices and innovative solutions to overcoming SNAP-Ed PSE implementation barriers. This
mixed-methods study included online surveys and interviews across fifteen states. Participants were
eligible if they: (1) were SNAP-Ed staff that were intimately aware of facilitators and barriers to
implementing programs, (2) implemented at least 50% of their programming in rural communities,
and (3) worked in their role for at least 12 months. Sixty-five staff completed the online survey
and 27 participated in interviews. Barriers to PSE included obtaining community buy-in, the need
for relationship building, and PSE education. Facilitators included finding community champions;
identifying early “wins” so that community members could easily see PSE benefits. Partnerships
between SNAP-Ed programs and non-SNAP-Ed organizations are essential to implementing PSE.
SNAP-Ed staff should get buy-in from local leaders before implementing PSE. Technical assistance
for rural SNAP-Ed programs would be helpful in promoting PSE.
Keywords: rural populations; food assistance; low-income
1. Introduction
The prevalence of obesity in the United States (U.S.) creates a significant public health problem for
both children and adults. In 2016, nearly 30% of children were overweight or obese and 30% of adults
were obese [1]. Low-income individuals have the greatest risk of obesity, with 18% of children living
below the federal poverty line being obese versus 10% of those living above the poverty level [2–4].
Geographically, nearly 16% of individuals in rural areas live below the poverty line, in contrast to 12%
of individuals in urban areas [5]. Due to these income disparities, 16% of households in rural counties
participate in the Supplemental Nutrition Assistance Program (SNAP) compared to 13% of household
in urban counties [5]. Additionally, both children and adults living in rural areas are more likely
to be obese than those living in urban areas [1,6,7]. These disparities in obesity prevalence may be
partially due to disparities in access to healthy eating and physical activity opportunities. Compared
to residents living in urban areas, residents in rural community have less access to healthy food and
safe places to be active [8–10].
Nutrients 2018, 10, 1012; doi:10.3390/nu10081012 www.mdpi.com/journal/nutrients73
Nutrients 2018, 10, 1012
To help address food insecurity among low-income individuals in the U.S., the federal government
created the SNAP in the 1960s [11]. Since its creation, SNAP has shifted its focus to also include
improving dietary quality with the creation of federal nutrition education programs such as
SNAP-Education (SNAP-Ed) [11]. The SNAP-Ed program was created in the 1980s as an optional
cost-sharing federal program, to increase the likelihood that SNAP recipients make healthy food
choices within a limited budget [11]. Individuals are eligible for SNAP-Ed if their incomes are at or
below 185% of the Federal Poverty Level. SNAP-Ed reaches approximately 95 million low-income
Americans in all 50 states, the District of Columbia, and three territories. Nationally, there are seven
SNAP-Ed geographic regions. These regions include a range of states, and each state has at least one
state SNAP-Ed implementing agency. Currently, there are 138 SNAP-Ed implementing agencies across
the U.S. [11].
Prior to 2010, the majority of SNAP-Ed programming was traditional, direct- nutrition education
(i.e., series-based classes or single session classes). Under traditional, direct-nutrition education,
SNAP-Ed implementing agencies in rural areas faced barriers with recruiting families to attend
sessions due to transportation, time, and lack of Internet access (for those living in mountainous
regions) [12]. A 2004 national report concluded that more research was needed to determine whether
SNAP-Ed behavior changes among low-income audiences was due to SNAP-Ed programs or other
factors [13]. In 2010, the Healthy, Hunger-Free Kids Act added an additional component to SNAP-Ed
encompassing broader policy, systems, and environmental (PSE) changes [11]. The Interpretive Guide
to the SNAP-Ed Evaluation Framework defines a policy change as involving “a written plan or course
of action designed to influence and determine decisions (includes the passing of laws, ordinances,
resolutions, mandates, regulations or rules).” A system change “involves changes made to the rules or
procedures within an organization—this can be a worksite, faith setting, school, non-profits, for-profit
organizations.” An environmental change includes “changes made to the physical, social, or economic
environment. SNAP-Ed interventions can be customized for different geographic regions, ages, and
cultural settings” [14].
Utilizing PSE approaches to encourage healthy dietary changes can help overcome recruitment
and attendance barriers, since PSE changes are typically meant to “make the healthy choice the easy
choice” for a variety of populations. When PSE changes are implemented, a large segment of the
SNAP-Ed population can be affected compared to a smaller segment of those who choose to enroll
in traditional direction-education classes. However, SNAP-Ed implementing agencies vary widely
in their ability and capacity to implement PSE interventions in their programs [15]. Two years after
SNAP-Ed implementing agencies were encouraged to deliver PSE, nationally, approximately 98% were
still focusing on direct education [16]. Furthermore, there have been prior studies that broadly covered
rural PSE change implementation barriers, identifying barriers such as cultural differences, population
size, and resulting limited human capital [17]. Strategies to overcome such barriers include building
partnerships, and utilizing existing infrastructure [18,19]. There is also a great need to rigorously
evaluate PSE in rural areas to determine effectiveness for future implementation [19,20]. Thus, more
work is needed to learn how SNAP-Ed staff in rural areas view PSE, how they implement PSE, and how
implementation and evaluation of PSE could be improved within the SNAP-Ed program, especially in
rural areas.
Therefore, the purpose of this study was to better understand the barriers to implementing
PSE approaches within SNAP-Ed programming in rural communities, as well as the strategies to
overcome these barriers to SNAP-Ed programming in rural communities. In this study, we identified:
(1) the types of nutrition-related PSE SNAP-Ed programming currently being implemented in rural
communities, (2) barriers to implementing PSE in rural communities, and (3) common best practices
and innovative solutions to overcoming SNAP-Ed PSE implementation barriers in rural communities.
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2. Materials and Methods
To gain a better understand of the barriers to implementing SNAP-Ed PSE changes in rural
communities, as well as the strategies to overcoming these barriers, we employed a mixed-method
approach. We triangulated data obtained from an online survey administered to SNAP-Ed Staff across
the United States, and subsequently conducted qualitative in-depth interviews among a sub-set of
those SNAP-Ed staff who completed the online survey. Below, we outline additional details regarding
methods of each data collection method.
2.1. Online Survey: Participant Recruitment and Analysis
We recruited staff at SNAP-Ed programs across the country to complete an online survey by
using the Association for SNAP Education Nutrition Administration (ASNNA) and the CDC-funded
Nutrition and Obesity Policy Research and Evaluation Network Rural Food Access Working Group
(RFAWG) email listservs. The RFAWG includes academic researchers, public health and cooperative
extension practitioners, and other experts focused on rural food access. Several RFAWG members
connected us with SNAP-Ed implementing agency contacts in their respective states. The following
were eligibility criteria to complete the survey and subsequent qualitative interview: (1) a SNAP-Ed
staff member that was intimately aware of facilitators and barriers to implementing programs in the
community; (2) individuals who have worked for a SNAP-Ed program that provides at least 50% of
programming in rural communities; and worked in their role for at least 12 months.
This study was approved by North Carolina State University’s Institutional Review Board and all
participants signified consent after being read an information sheet and agreeing to take part in the
online survey and/or interview.
We used Qualtrics, an online survey program, to obtain information about PSE knowledge and
experience, PSE activities, and partners engaged in PSE activities. Participants were asked to rate their
level of knowledge with PSE approaches to behavior change using a 4-point Likert scale, ranging from
“not knowledgeable at all” (=1) to “very knowledgeable” (=4). Participants were also asked to rate their
level of experience with PSE using a 4-point Likert scale, ranging from “not experienced at all” to “very
experienced”. Among those with experience implementing PSE, we asked in what types of community
settings PSE initiatives were being implemented, with response options including community gardens,
schools, farmers’ markets, healthy food retail and food pantries. We also asked what types of partners
they were working with to implement those PSE initiatives, with response options including managers,
principals, teachers, staff, food policy councils. SNAP-Ed staff could choose as many settings and
partners that were applicable. Participants were asked about relevant outcome or evaluation data
collected on PSE initiatives as an optional question. Data from the Qualtrics survey were exported from
the program as a report, and simple descriptive statistics were calculated to determine frequencies of
various responses.
2.2. In-Depth Interview Recruitment, Administration and Analysis
The last survey question asked study participants if they were interested in participating in an
in-depth interview about barriers and facilitators to implementing SNAP-Ed within rural communities.
Participants were asked to include their name and email and a member of the research team contacted
them to schedule an interview. SNAP-Ed staff participated in telephone-administered interviews
lasting 45–60 min using NoNotes, a professional telephone recording and audio sharing platform.
Each interview was conducted by either Dr. Lindsey Haynes-Malsow (LHM) or Dr. Stephanie B. Jilcott
Pitts (SJP) or using a semi-structured interview guide.
Participants were asked about their general experience with the SNAP-Ed program, such as how
long they had worked with SNAP-Ed and in what capacity; what types of PSE initiatives in which their
agency was currently engaged; what their favorite PSE initiative was and which initiative they felt
was most effective; specific barriers to implementing PSE initiatives in rural communities; strategies
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that they used to overcome these barriers; future PSE initiatives that they were planning to implement
in the following year, and how or if they were evaluating PSE initiatives.
Interviews were transcribed verbatim and analyzed using Atlas.ti version 7.0 (Scientific Software
Development Gmbh, Berlin, Germany). LHM and SJP created a codebook based on independently
coding a subset of three interviews. LHM and Isabel Osborne (IO) then independently applied these
codes to all interview transcripts. Codes were reconciled and code memos, a 1–2 page summary based
on each code, were written based on the all the codes. Final themes were compiled based on questions
included on the interview guide. While participants were not asked specifically about “innovative”
or “best” practices, LHM and SJP created an “innovative practice” code based on reviewing all PSE
initiatives in accordance with SNAP-Ed guidelines, a description of how well the PSE initiative worked,
and whether other participants had mentioned this practice. If the practice was mentioned only once,




A total of 65 SNAP-Ed staff in rural implementing agencies completed online surveys. Sixteen
(24.6%) responded they were somewhat knowledgeable, 26 (40.0%) knowledgeable, and 23 (35.4%)
were very knowledgeable about PSE approaches to behavior change. However, when asked to rate
their level of experience with PSE, 5 (7.8%) responded that they were not experienced at all, 25 (39.1%)
were somewhat experienced, 23 (35.9%) were experienced, and 11 (17%) were very experienced. Table 1
shows that the top three settings in which respondents worked were schools (96%), food pantries (89%),
and farmer’s markets (83%). The least frequently reported setting was supermarkets/supercenters,
in which only 24% of respondents said they were implementing PSE initiatives. Among the “other”
settings, 5 out of 11 respondents reported working in gardens. The type of partner varied by setting.
For example, in schools, most SNAP-Ed staff partnered with the school staff such as principals or
teachers. Surprisingly, those working in healthy food retail settings, such as corner stores and grocery
stores, only reported working with the retail setting owner or manager as a partner approximately
25% of the time. Other partners they worked with in retail settings were health departments, food
policy councils, and worksite staff (not owners or managers).
Table 1. PSE Settings and Partners.
Where SNAP-Ed














Childcare center 61% 11% 0% 4% 30% 18%
School 96% 7% 5% 11% 50% 23%
Workplace 64% 12% 2% 9% 19% 22%
Senior Center 68% 15% 0% 7% 22% 25%
Faith-based locations 66% 5% 2% 12% 20% 27%
Corner store 54% 11% 22% 3% 6% 12%
Grocery store 53% 7% 26% 2% 4% 14%
Supermarket/supercenter 24% 2% 10% 2% 4% 6%
Food Pantry 89% 15% 4% 17% 27% 27%
Farmer’s Market 83% 13% 3% 13% 22% 32%
Other Setting 44% 2% 0% 2% 12% 18%
In terms of outcome or evaluation data collected on PSE initiatives (an optional question),
responses varied greatly; however, some of the common responses were pounds of produce donated
or sold; national SNAP-Ed indicators such as reach (the number of people that were in contact with
the PSE initiative) and impact (behavior change such as fruit and vegetable intake). Among those that
answered the optional question of whether they would be interested in participating in an interview
27 (41.5%) responded “yes” and 38 (58.5%) responded “no”.
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3.2. In-Depth Interviews
A total of 27 interviews were conducted with SNAP-Ed staff in 15 states across all 7 SNAP-Ed
regions (see Figure 1). The majority of interviewees had been working for SNAP-Ed for approximately
0–2 years (40.7%); were an average age of 39 years, female (81.5%), white/Caucasian (70.0%); conducted
more than 75% of their work in rural communities (94.1%); contributed more than 75% of their time to
PSE activities (37.0%); and less than 25% to direct-education (51.9%). See Table 2 for more information.
 
Figure 1. Interview Respondent Locations. Note: SERO (Southeast Regional Office); SWRO (Southwest
Regional Office); MARO (Mid-Atlantic Regional Office); NERO (Northeast Regional Office); MWRO
(Midwest Regional Office); MRPO (Mountain Regional Plains Office); WRO (West Regional Office)
Table 2. Interview Participant Demographics (n = 27).
Characteristic Number Percent











Native American/American Indian 1 3.7%
Hispanic or Latino 2 7.4%
African American or Black 2 7.4%














A total of 10 codes were created based on interviewees’ responses (see Table 3). These codes
focused on PSE initiatives, barriers to implementing PSE, and facilitators to implementing PSE.
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3.3. Types of Nutrition-Related SNAP-Ed PSE Initiatives Being implemented in Rural Communities
The most common PSE initiatives mentioned were gardens, school wellness-based initiatives,
healthy food retail, farmers’ markets, and food pantries. In terms of implementing PSE initiatives
in rural communities, the main challenges were funding, and level of PSE understanding among
SNAP-Ed staff and stakeholders. However, strategies to overcome these challenges included working
through partnerships and finding short-term PSE wins to demonstrate the importance of this approach
to behavioral change. Below, we discuss the setting-based themes in more detail.
3.3.1. Gardens
In the in-depth interviews, the most commonly mentioned PSE initiative was gardens. Many
interviewees mentioned PSE initiatives related to gardening such as community gardens, school
gardens, and personal gardens. These initiatives included activities such as teaching adults basic
gardening skills, ways to increase garden viability such as bee keeping and composting, as well
gardening education for students by showing them how and where fruits and vegetables grow, and
generating general community interest in the value of gardening. A participant from SNAP-Ed
Southeast Region commented: “I started a garden program at one of the schools, so we’re introducing
the fourth grade students how to garden and where their food comes from because a lot of students,
believe it or not, don’t know where their food comes from. They think it comes from Food Loin or
Walmart. I’m tell them, ‘Well, technically yes, but it’s grown. It’s a process. Right now, I’m just at one
school doing the garden program, but my goal is to eventually spread out and work with multiple
grade levels, not just at the fourth grade levels, with that particular program.”
Setting-specific barriers—Gardens: Some SNAP-Ed staff mentioned barriers to implementing
garden-based initiatives related to weather (late freezes, extreme heat, and droughts) or when working
in schools, having to compete for time with schools’ teaching requirements and curriculum standards.
Setting-specific best practices—Gardens: Several interviewees mentioned potential facilitators to
increase school gardening PSE programs, such as encouraging all schools to have a garden (making it
the cultural norm) and full support from the community.
Setting-specific innovative solutions—Gardens: One innovative solution mentioned was having
work meetings in gardens. As a participant from SNAP-Ed Mountains Plains Region said, “Our
educator partnered with Extension and they helped tell her (worksite owner) what kind of plants
grow well there and taught her about companion plants and that kind of thing. And she partnered
with other agencies so they could have working meetings and actually work in the garden while they
were discussing business.” This increased both awareness of the garden and helped build a better
partnership between the SNAP-Ed staff and worksite.
3.3.2. School Wellness Initiatives
Many of the interviewees described effective PSE strategies within schools in their rural
communities. These strategies included smarter lunchrooms, farm-to-school projects, school gardens,
and taste tastings. In addition, many SNAP-Ed staff encouraged schools to connect direct-education to
PSE initiatives so could reinforce lessons learned in class and maximize exposure to healthy living
initiatives. As a participant from SNAP-Ed Western Region said, “I would have to say that for all our
counties, our PSE work is primarily in the school setting. We do edible school gardens, local school
wellness policy participation, school stenciling projects and mural projects, physical activity integration,
technical and training assistance for teachers, and, Smarter Lunchroom Movement activities.”
Setting Specific Barriers—School-Wellness: Several SNAP-Ed staff discussed competing for class
time as a barrier to implementing PSE-based programs. Since some regional elementary schools
have end-of-year grade exams, schools are fairly focused on ensuring that students are well prepared
for these exams; time that is taken away from teaching for this test is seen as a competing interest.
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Additionally, not having buy-in from school principals or teachers was also a barrier for newer
SNAP-Ed staff.
Setting-specific best practices—School Wellness: To increase school interest in SNAP-Ed
programming, some SNAP-Ed staff explained how they created programs that did not require teacher
participation. Some staff explained that if teachers were required to help with programming, they
would find it burdensome on an already heavy teaching load. Other SNAP-Ed staff let school leadership
choose which PSE initiative(s) they wanted to implement. Generally, schools with PSE initiatives were
more likely to have community partners helping them sustain their activities, such as donating school
garden produce to food pantries.
Setting-specific innovative solution—School-Wellness Based: One innovative practice used at a
school involved converting an old and outdated pool into a garden and converting the pool house for
produce processing, and tool and lumber storage. As a participant from SNAP-Ed Northeast Region
stated about the initiative, “It’s been very successful . . . and after all this time finally getting produce
into the cafeteria.”
3.3.3. Healthy Food Retail
Many SNAP-Ed staff discussed healthy food retail in the context of working with grocery stores
and corner stores. These initiatives included posting new signage to direct people towards healthier
food items, graphically designing advertisements for healthy food specials, deals, and sales, and
creating healthy food check-out lines where produce and other healthy “grab and go” snacks were
easily accessible. Some healthy food retail projects were well-received in the community, as one
participant in the SNAP-Ed Northeast Region said their “corner store makeover” was extremely
popular among community members.
Setting Specific Barriers—Healthy Food Retail: When working on healthy food retail, some
SNAP-Ed staff experienced lack of buy-in from store owners—as they did not want to change their
food inventory and what they sold to customers. Additionally, several SNAP-Ed staff had difficulty
measuring the impact of their healthy food retail initiatives to determine how effective they were, as
well as ensuring that store owners and managers continued to post signage and stock fresh produce.
Setting-specific best practices—Healthy Food Retail: To help overcome lack of buy-in, many
SNAP-Ed staff described ensuring that they communicated regularly with the store owners and
discussing with stores the benefits of how these small, no or low cost changes could improve the
community’s diet and health. One SNAP-Ed staff member from Southeast Region summarized their
experience as, “Just getting my foot in the door with the corner store was very difficult because the
owner wasn’t on-board at first, which I can understand because of the community and the dynamics of
it. His store was known for hot dogs and ice cream—and getting him to implement change in the store
did not come easy for his customers. He was trying to think on that aspect, but then as I continued to
work and talk with him, he was open to the idea of stocking fruits. He started to put the fruits out and
just to see what would happen, and on the first day he did it, he said he had to stock up twice.”
Setting-specific innovative solutions—Healthy Food Retail: One SNAP-Ed staff member
encouraged bundling (combining multiple food products and selling them together) healthy foods
with other high demand foods. Essentially, making the bundled price (the high demand food item
plus healthy snacks) cheaper than the price of a high demand food item plus an unhealthy snack.
Additionally, another SNAP-Ed staff member was working with an independent grocery store owner
to develop a mobile grocery store to increase access to healthy food in areas with limited access. As the
SNAP-Ed interviewee from the Southeast Region stated, “We’re really trying to work on every level
to help with this opportunity, help with the funding, and help our educators. We’ve got just a stellar
independent grocer here locally. And thank goodness for me he’s local so I can work directly with him
and we can work out models and look at the economics around the model and things of that nature.
And he actually is—they’re about to pilot starting in the first quarter of 2018 online SNAP acceptance.”
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3.3.4. Farmer’s Markets
SNAP-Ed staff commented on working with their community farmer’s markets using PSE
approaches or how they had plans to improve it in the future. Many SNAP-Ed staff worked on
encouraging farmer’s markets to accept SNAP as part of their PSE initiative. SNAP-Ed staff would
also provide food tastings and cooking demonstrations at farmer’s markets, and provide hand-outs
with recipes or health tips. Additionally, SNAP-Ed staff collaborated with other organizations to help
work with farmer’s markets.
Setting Specific Barriers—Farmer’s Markets: Some communities did not have farmer’s markets,
so SNAP-Ed staff worked on trying to create one. However, this process is time consuming, expensive,
and can be logistically challenging as many farmer’s markets are usually not located in areas that
low-income individuals frequent. Additionally, even if a rural community did have a farmer’s market,
they lacked SNAP, which was seen as a major barrier for low-income customers.
Setting-specific best practices—Farmer’s Markets: Several SNAP-Ed staff talked about partnering
with other organizations to implement incentive programs. As one SNAP-Ed staff from the Mountains
Plains Region explained, “We worked to encourage them (the farmer’s market) to do incentive
programs, so if people do redeem SNAP benefits they may get ‘double up bucks’, they may get extra
matching funds for whatever they redeem with their SNAP benefits, or they might get like an extra
basket of fruits and vegetables in addition to what they would go buy.”
Setting-specific innovative solution—Farmer’s Markets: One farmer’s market PSE initiative
involved a policy practice. “One of the PSE changes that we did put in place at our farmer’s market was
demonstrating healthy recipes utilizing some of the fruits and vegetables that were being featured there
that week, so anybody that came in and did a food demonstration had to serve fruits and vegetables.
It had to be healthy. Water is served as the beverage of choice there, whereas before they may have
been doing punch or something like that,” said a participant from SNAP-Ed Southeast Region.
3.3.5. Food Pantries
Many interviewees commented on the prevalence of working with food pantries as part of
their PSE programming. The majority of work with food pantries was in collaboration with others
organizations or projects—building on behavioral economic movements such as nudging customers
towards healthier foods [13]. Food pantries often offered direct food to pantry clients, and SNAP-Ed
staff discussed coming into the pantry and using a client choice model, where food pantry customers
could choose their food contents—but they were encouraged to choose healthy options. One SNAP-Ed
agent from the Southeast Region described a specific example of this: “This particular pantry, there’s
a box that’s pre-made—it has meat, some pasta, and canned goods. They get a box of these staple
food items, but then they get to choose their produce items afterwards. It’s a little bit of a client choice
model, but not entirely. There are other pantries that allow you to choose every single food item that
you want. That way, you don’t end up with food that’s unhealthy if you don’t want it. The clients
have a choice in that. This one is kind of a half client choice, but they still get a pre-made box.”
Setting-specific barriers—Food Pantries: Several SNAP-Ed staff discussed the lack of buy-in from
food pantry owners—as they did not want to change food distributions policy. Even when SNAP-Ed
staff did get food pantry owners to try behavioral economics, they had to check-in frequently to ensure
that the food pantry director or coordinator continued to use behavioral economics to encourage clients
to choose healthy foods.
Setting-specific best practices—Food Pantries: SNAP-Ed staff discussed working with food pantry
owners and managers and moving towards providing healthier food options within the pantries.
Setting-specific innovative solution—Food Pantries: One SNAP-Ed staff explained partnering
with a medium-security prison on their produce-growing contest—prisons try to grow the most
produce and after the contest, the produce is donated across the community. While SNAP-Ed funding
does not allow funds to be spent within the prison population, SNAP-Ed staff members were initially
invited by the warden to encourage volunteers to help find places to distribute the produce. As a
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SNAP-Ed staff from the Midwest Region explained, “All of a sudden, we have this huge group of
volunteers that wants to help distribute 12,000 pounds of produce, because one or two people can’t
distribute all of that. So all of a sudden, we have all of these volunteers who are on-board to help take
all the produce to a central location, and then they’ll take it to these food pantries or these programs
that are low income. Our summer day camp that the YMCA runs is like 75% free and reduced lunch,
so they’ll get some, and distribute it to places that (A) don’t have a budget to buy it, but (B) desperately
need it for the clients that they’re serving. I think that one of the biggest things with communities is
just having the support of the people who live there, play there, work there.”
3.4. Barriers to Implementing SNAP-Ed PSE in Rural Communities
There were three general barriers participants discussed when implementing SNAP-Ed PSE
initiatives in rural communities: funding, lack of infrastructure, and lack of PSE understanding.
3.4.1. Funding
In terms of funding, most participants discussed the lack of funding available for PSE initiatives.
As one SNAP-Ed Midwest Region participant said, “The biggest barrier is funding because lot of
people like these (PSE) ideas, but there’s very little extra money laying around”. Additionally, due to
SNAP-Ed allowable and unallowable costs, as defined by the U.S. Department of Agriculture (USDA),
grantees cannot use SNAP-Ed funds for infrastructure (such as building sidewalks or playground) or
to purchase food (such as funding “double up bucks” program).
3.4.2. Lack of PSE Understanding
Even though PSE has been a part of SNAP-Ed programming for several years now, there is still
a lack of PSE understanding among some SNAP-Ed staff and stakeholders. Several interviewees
discussed SNAP-Ed staff and stakeholders (community members, local leaders) as not having as high
a regard for PSE as traditional direct-education. SNAP-Ed staff explained that some stakeholders
wondered why PSE initiatives were important and questioned whether they would truly make an
impact. Other SNAP-Ed staff and stakeholders misinterpreted the definition of policy, “Even though
I’m comfortable with PSE, many of our SNAP-Ed assistants are not. ‘Policy’ is a scary word to them
and I think a training to make them feel more comfortable about it, and realize that it’s not always
about talking to senators, would be helpful”. (Participant from the SNAP-Ed Mid-Atlantic Region)
3.5. Best Practices’ to Overcoming SNAP-Ed PSE Implementation Barriers in Rural Communities
While some barriers to SNAP-Ed programming cannot be overcome with SNAP-Ed grant funding,
interviewees discussed strategies they have used to overcome challenges.
3.5.1. Overarching Best Practice: Partnerships
The most frequently cited facilitator to implementing SNAP-Ed programming was partnering
with other community initiatives or organizations, building relationships with coalitions, wellness
committees, advisory groups, or food policy councils. Partnerships were often useful with SNAP-Ed,
as funds could not be used to cover the cost of a certain project, such as renovating a walking trail,
but another organization could. Additionally, being in a rural community was seen as an advantage
since, “everybody knows each other, so they have the ability to network and build or enhance
partnerships”—(participant from the SNAP-Ed Midwest Region). Partnerships were also seen as
a way to ensure sustainability of projects—especially beyond SNAP-Ed funding periods. Another
interviewee from the SNAP-Ed Midwest Region stated, “SNAP-Ed is an important piece of what
people are doing, but we don’t want them to do it in a silo, and we want to have community buy-in to
advance PSE strategies, right? So working at that broader level with multisector representatives really
helps set those changes up not only for adoption but also for sustainability in the future”.
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3.5.2. Overarching Best Practice: Communicating Short-Term PSE Wins in the Community
Due to the fact that some SNAP-Ed staff and stakeholders did not understand the definition or
value of PSE, many interviewees talked about the need for “short-term PSE wins” to demonstrate how
impactful it could be in the community. Recognizing that SNAP-Ed funding is renewed every year and
that PSE can take years to implement and achieve desired results, many SNAP-Ed staff talked about
finding PSE work that was already underway in the community and assisting with those projects. One
participant from the SNAP-Ed Midwest Region discussed helping with a complete street initiative
and promoting connector trails to a major walking trail in the community: “I think a really helpful
thing is to find a way to partner with and plug into things that are already sort of ‘easy wins’ that are
already starting or initiated in some way and then trying to help shape them and direct them to the
more healthy direction.” Visually demonstrating to the staff, community, and other stakeholders that
PSE can be an extremely influential and impactful strategy for behavior change is key to local buy-in
and longer term success.
4. Discussion
The results of this study provide a deeper understanding of the types of nutrition-related SNAP-Ed
PSE initiatives being implemented currently in rural communities, implementation barriers, and both
“best practice” strategies and innovative solutions to overcoming SNAP-Ed PSE implementation
barriers in rural communities.
Based on online surveys and interviews, we found that SNAP-Ed PSE initiatives in rural areas
included working with schools, gardens, food pantries, farmers’ markets, and food retail settings
like corner stores and supermarkets. Nearly 96% of the participants reported working with schools.
Another study conducted with 15 public health practitioners about environmental and policy changes
to support healthy eating and physical activity in rural communities also identified schools as a main
setting to implement initiatives [17].
Interviewees offered a variety of creative solutions to overcome barriers, including worksite
meetings in gardens, repurposing an old pool, and working with an independent grocer on mobile
markets. Such creativity and partnering with appropriate organizations and stakeholders are two vital
components to overcome challenges to PSE in rural areas. Building partnerships and having buy-in
from local leaders, such as the city council, was also seen as an important strategy in implementing
environmental and policy interventions to support physical activity and healthy eating in rural
communities, in another study [17].
One major barrier included funding restrictions due to SNAP-Ed allowable and unallowable costs.
The barrier of funding restrictions was often overcome by partnering with other community groups,
foundations, or grantees. Partnerships were noted in prior studies [18,19] as important solutions
to PSE implementation barriers, and were a key best practice in the current study. Barnidge et al.
found that the most important partners for implementing physical activity and healthy eating in rural
communities were city councils or mayors, local businesses, schools, health promotion organizations,
healthcare facilities or healthcare providers [17]. Similarly, partners mentioned in the current study
included school staff, food policy council members, health department staff, and worksite staff.
The goal of PSE strategies is to make a healthy choice, an easy choice, or even the default choice.
This quality of PSE makes it appealing, as it does not require attendance from SNAP-Ed participants,
overcoming commonly cited transportation and time barriers [15]. In rural communities, PSE could
have greater reach and impact due to transportation and infrastructure barriers that these communities
face. In a recent study, researchers found that socioeconomic status, rather than geographic location,
was a better predicator of transportation barriers. In a systematic literature review across 25 studies,
between 10–51% of lower-income individuals reported transportation as a barrier [21]. In terms of
infrastructure as barrier to health living, one study among eight southeastern rural communities in
the U.S. found that rural communities lack policies and programs to support safe places to be active,
especially sidewalks or policies related to schools, allowing the community to use their facilities
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outside of school hours (such as shared use policies) [22]. Additionally, access to healthy foods in
rural communities is limited, as residents have greater exposure to retail food outlets that sell a
limited selection of healthy food items [23–26]. Fortunately, research has suggested that healthy retail
initiatives in small food stores, which can be supported by SNAP-Ed, can be a strategy to improve the
quality of food in stores [27,28].
As mentioned in the interviews, some SNAP-Ed staff have varying levels of understanding PSE
and some stakeholders do not fully comprehend PSE. A solution that others have recommended is to
not use the words, “policy, systems, or environmental” change when talking with other community
members, organizational leaders, and other stakeholders. Our study showed that these terms were
perceived as very top-down, high-level, and abstract—all of which were not viewed as favorable
among rural community members.
One way to demonstrate the impact of PSE on behavior change is through rigorous impact and
outcome evaluation. Demonstrating that a policy, system, or environmental change can actually
transform the environment and result in more positive and healthy behaviors is critical to indicating
the utility of PSE for various stakeholder groups and can provide evidence of a “short term win”. For
example, a SNAP-Ed program assisted a local non-profit with renovation of a trail by providing signage
and promoting the trail opening. However, the majority of SNAP-Ed interviewees expressed difficulties
in evaluating PSE and evaluation methods as settings varied greatly across the different SNAP-Ed
programs. Others have called for more rigorous evaluation of PSE in rural communities [18]. While
the SNAP-Ed Evaluation Framework and Interpretive Guide offers many examples and suggestions
on how to collect data, one barrier to evaluating programs is the lack of funding and time for SNAP-Ed
programs to rigorously evaluate PSE initiatives [14]. SNAP-Ed implementers could have successful
partnerships with evaluators of neighboring research institutes or universities to conduct rigorous
evaluation of PSE initiatives.
5. Conclusions
The goal of SNAP-Ed is to help improve the chances of lower-income children and families
making healthy food choices within a limited budget. Using a multi-level approach by combining
direct education with PSE efforts gives SNAP-Ed the opportunity to facilitate positive behavior change.
However, this requires that SNAP-Ed implementing agencies be knowledgeable and comfortable
with delivering both types of programming [15]. The current study illustrates barriers, and creative
solutions that other rural SNAP Ed staff can implement, to increase the success and sustainability of
rural PSE initiatives.
This study has several strengths and limitations. First, it included SNAP-Ed staff from all
seven SNAP-Ed regions. Additionally, this study is strengthened by having two trained qualitative
researchers conduct all interviews, double-code transcripts, and reconcile all codes. Some of the
limitations are the potential selection bias for those who chose to participate in the interviews. Since
the online survey asked many questions about PSE, SNAP-Ed staff with more experience and interest
in implementing PSE might have volunteered for an interview, rather than those with less experience
or interest.
Few studies have investigated implementing SNAP-Ed PSE initiatives in rural communities [22].
This study revealed innovative strategies and best practices for implementing PSE in rural areas,
which can assist similar SNAP-Ed implementing agencies working in rural communities to overcome
barriers to PSE. The ultimate goal of implementing SNAP-Ed PSE initiatives is to empower low-income
individuals to make healthy choices within their homes, schools, worksites, and communities. Future
studies should focus on disseminating innovative strategies and best practices for implementing
PSE in rural communities and evaluate whether these strategies are effective at positively changing
health behaviors.
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Abstract: Food insecurity is considered a “wicked” problem due to the highly complex and at
times undefined casual factors. Although many stakeholders are working to address the problem,
a possible divergence exists between their views on food insecurity and those of the people who are
actually experiencing the problem. The purpose of this study was to investigate whether there was
a difference between the opinions of those “at risk” and stakeholders. A total of seven focus groups
(two stakeholder groups n = 10, five “at-risk” groups n = 34) and three interviews (stakeholders n = 3)
were conducted to ascertain perceptions. Thematic analysis generated 329 (209 “at-risk” and
120 stakeholder) coded statements related to food insecurity drivers. Respondents were in
agreement for the majority of factors, and limited income was considered the primary driver of food
insecurity. However, there were notable deviations in the perceived importance of certain drivers,
particularly around the price of food and the lack of food literacy. Differences in the perception of
causes of food insecurity may in part be attributed to the varied role each group plays in working
towards the resolution of the problem, either at the household or system level.
Keywords: vulnerable groups; food poverty; food insecurity; food literacy; public health; socioeconomics
1. Introduction
Food security is broadly defined as when all people, at all times, have sufficient food to meet
their needs. It is underpinned by four pillars: food availability, access, utilisation and stability [1].
Availability refers to sufficient quantities of appropriate food, access refers to having economic and
physical resources to obtain appropriate foods for a nutritious diet, utilisation is knowledge of basic
nutrition and cooking skills, and stability refers to continued access that can withstand climatic or
economic disasters or seasonal events [1]. Ultimately, the disruption of any of the abovementioned
pillars may be the catalyst for food insecurity [2,3]. Often oversimplified as an issue of poverty,
the problem remains largely hidden in developed countries such as Australia. The reported Australian
prevalence of food insecurity varies considerably, depending on the definition and measurement used,
between 4% [4] and 36% [5].
Food insecurity is considered a “wicked” problem due to the vast, highly complex and at times
undefined casual factors [6]. Part of the challenge of making a tangible difference is the dynamic nature
of the issue. Changes to the political, economic and social environments have a flow-on effect on the
pillars of food security and thus affect a range of sectors within a population [7]. Although many
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stakeholders employed in the food relief sector are working to address the problem, a possible
divergence exists between their views and those of food-insecure people [8]. Deviations in the
perceived underlying casual factors between these two key groups may further complicate the process
of resolving the issue of food insecurity. The purpose of this study was to compare and contrast
opinions on household and systems level food insecurity drivers by those “at risk” and by stakeholders
in Western Australia. To our knowledge, this study was the first to investigate the potential differences
of opinions between these two key groups within an Australian context.
2. Materials and Methods
2.1. Sample Groups and Recruitment
Two groups were purposefully targeted for inclusion in either focus groups or in-depth interviews.
The first group included stakeholders, who worked in the area of food insecurity (from government,
academic and not for profit sectors) and acted as an expert source of information. The second group
consisted of individuals who were determined to be at high risk of food insecurity, termed “at risk”
(AR), in order to provide contextual information about the lived experience. Initially, stakeholders
were recruited through an email sent to a professional interest group. Snowball sampling and word of
mouth were utilised to increase recruitment, as recommended for studies of “hidden” issues [9].
A review of adult (≥18 years old) groups most at risk of food insecurity in Australia has identified
tertiary students [10], individuals living in regional and remote areas [11], Aboriginal people [12],
refugees [13], Culturally and Linguistically Diverse (CALD) people, low-income earners [14],
single parents [15], the homeless [16] and those with chronic medical conditions [17]. The tertiary student
groups were recruited via Facebook, posts on university message boards and personal invitations at lectures
or conferences. Stakeholders were asked for recommendations or referral to other organisations that could
provide access to groups whom they considered to be at a high risk of food insecurity. Individuals who met
one or more of these criteria were targeted for inclusion in this study. Simplified definitions of food security
and food insecurity were explained to all participants. The research topic was framed, during recruitment,
as exploring the reasons why some people can’t access enough or the right types of food in Australia.
A $20 food voucher was offered to the AR respondents as compensation for their time and effort.
2.2. Data Collection
Data collection was conducted between December 2015 and November 2016. A semi-structured
format, considered appropriate for open, in-depth discussion of sensitive topics with vulnerable
groups [18], was utilised. Both respondent groups were offered inclusion via either focus group or
interview. An interview guide with prompts was developed for the stakeholder and AR groups.
The guide had the same underlying research aims, and questions, but was worded differently to ensure
appropriateness for each group. All questions were open-ended and included the following topic
areas: food insecurity prevalence, food affordability, barriers and personal experience. The content
of the guide was informed by current literature and consultation from stakeholders and co-authors.
The interview guide and research questions are available in the Supplementary Materials.
Individual interviews were also offered to both stakeholders and the AR individuals as
an alternative to focus group participation. This interview format was intended to enable flexibility
around attendance and to allow discussion of sensitive topics in a more private setting. All focus
groups and interviews were conducted in Perth, Western Australia, but included participants who
worked or had lived in regional or remote areas of the state.
2.3. Data Analysis
The Clarke and Braun [19] thematic analysis framework guided the identification of concepts and
patterns. Conversations were recorded with permission and transcribed verbatim. Data was de-identified
and transcripts were read twice to check for accuracy prior to being imported into NVivo qualitative data
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analysis software; (QSR International Pty Ltd., Version 11, 2015, Doncaster, VIC, Australia). NVivo was
employed for the thematic analysis to increase the efficiency and trustworthiness of results in this qualitative
research [20]. In addition to audio recording of the focus groups and interviews, notes were taken during
both to assist the generation of themes and key concepts. Triangulation was employed to increase validity
the data collection, quality of coding and rigour of the thematic analysis [20]. Investigator triangulation
was achieved by co-authors (1) attendance one or more focus groups, review of the transcripts and audio
recordings and (2) joint discussion of themes to ensure consistency. The use of this technique ensured that
the multiple perspectives provided by the AR group and stakeholders were interpreted correctly and there
was a consensus among multiple investigators [21].
The four pillars of food security and the research question formed the basis for the initial
framework for coding. Twenty-one traditionally associated factors of food insecurity were identified
in the literature and these were listed as potential nodes. New or emerging concepts relevant to the
research questions were also coded into nodes. Themes and sub-themes, within these four pillars of
food security, were created though the amalgamation and separation of the nodes. Data saturation
point was ascertained when no additional themes were identified, and the generation of new nodes
had ceased. Data saturation, when used in conjunction with investigator triangulation, is considered
an appropriate and sufficient methodology for qualitative research [22]. Matrix coding queries,
word clouds, text enquiries and frequencies were used for the data analysis.
Edith Cowan University’s Human Research Ethics Committee approved the study
(Project Number: 11118).
3. Results
Twenty stakeholders were invited to participate via email. Of those, 13 agreed to participate, five did
not respond and two declined. Reasons given included a lack of time or an absence of expertise in food
security. A total of seven organisations were emailed the study information letter and AR groups were
invited to participate. Three organisations agreed to take part: a homeless refuge, a multi-cultural domestic
violence group and a food relief agency, from which 34 AR individuals agreed to participate in the study.
Of the four organisations that did not take part, three organisations did not feel their groups were suitable
and one did not respond. In all, a total of 47 respondents participated in focus groups or interviews.
A total of seven focus groups (two stakeholder groups n = 10, five AR groups n = 34) and three interviews
(stakeholders n = 3) were conducted.
Of the three stakeholders who accepted the offer for an interview, two were face-to-face, and one
interview was via telephone. All interested AR individuals opted to participate in a focus group.
Two tertiary student focus groups were conducted, one with undergraduate students and one with
post graduate students. Participant characteristics are outlined in Tables 1 and 2.
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When asked, approximately two-thirds (68%) of the AR individuals and all stakeholders
thought food insecurity was a problem in Australia. Thematic analysis generated 378 individually
coded statements. Of these codes, 329 (209 AR and 120 stakeholder) were considered as drivers,
either positively or negatively affecting an individual’s healthy food acquisition, and were categorised
into the four pillars of food security that formed the primary themes. The remaining 49 codes related
to determinants of food security have not been included in this paper. Encompassed within these four
primary themes were 15 drivers of food insecurity or sub-themes. Both groups noted similar drivers
of food insecurity; however, the most apparent difference was the relative importance attributed to
each of these factors. Figure 1 is a graphic comparison of the themes and sub-themes cited by both the
stakeholders and AR group.
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3.1. Food Access Pillar
Access was the most frequently referenced pillar (n = 211, 64%); 73% for the AR group (n = 152)
and 49% for the stakeholder group (n = 59). From both groups, six subthemes were identified within
the Access pillar: income, priorities, social, cultural foods, transport, and illness and mobility.
3.1.1. Income
Unexpected bills or costs added an extra burden on already strained finances. AR respondents
felt there was no flexibility in the budget for luxuries and that food relief, theft and their social support
networks were sometimes used as a means to access additional food. Both respondent groups discussed
the concepts of household budget elasticity; competing costs and increasing daily compromises to
ensure food supply.
“It relates back to money, but living week to week. If you don’t have savings and you have used all
your money for the week. You’ve got $10 left and your food is going to cost $30 dollars. Then there is
that gap.”
Stakeholder, Female, 40–49
“The self-serve juggle. If you put everything through fast enough they don’t realise you’re not paying
everything. I mean you can just put through eleven milk cartons when you’re only paying for three.
You can do that kind of thing just to save money”.
At-risk male, 20–29
3.1.2. Priorities
When income is limited, extensive prioritisation by food-insecure individuals was required to try
to ensure perceived basic needs were met. Several compromises were reported by AR respondents
and observed by stakeholders: including decreasing the variety of food or buying “cheap” unhealthy
options to prevent hunger.
“It’s about how can I make this last and in the home that there are still three meals being placed on the
table. The quality of the meal they have also has to be in question as part of that food insecurity. Yes,
it lacks any nutritional value, but there are three meals on the table . . . ”
Stakeholder, Female, 50+
All of the AR respondents acknowledged that eating nutritious food and their health was
important; however, avoiding hunger was their principal focus. One respondent conceded that
they had stolen from supermarkets as means to feel full.
“All your health foods like fruit, veggies and nuts are quite expensive. A piece of bread and Vegemite
might suffice on a particular day . . . You know it’s not great over the long term, but in the short term
it’s cheap. It’s not sustaining your health, but it is sustaining your need for food.”
At-risk female, 50+
Housing and essential bills were items prioritised by the AR group; and for several AR individuals,
so were vices such as alcohol, drugs or cigarettes.
“Well if I only have so much money, I would rather have cigarettes than food. I’ll be honest with you.”
At-risk female, 50+
3.1.3. Social Network
Both stakeholders and the AR group identified that a person’s social network could have either
a positive or negative affect on food security status. Families or group dwellings could share food,
transport and resources, ultimately reducing financial burden and potentially increasing the enjoyment
associated with food and meal preparation.
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“If there were more people in the house the money would share as well. And I feel like if I did cook
a big dish ... Then I would have to have left overs for the rest of the week and I would just get sick of it
and I wouldn’t want that dish anymore.”
At-risk male, 20–29
Participants reported that living in shared housing or in emergency accommodation meant food
could be stolen, or they felt obligated to feed other people who were not able or willing to share
the expense. For Aboriginal communities, the transient nature of their society and strong extended
family ties made meal planning and budgeting challenging, as it was difficult to predict the size of
a household week to week.
“We have Aboriginal clients here . . . There are lots of funerals in their families, but every time
you have a funeral you have to feed everyone. Often you will get food insecurity if there have been
a number of deaths in the family. Families stay after the funerals, so you have to feed all these people
afterwards”.
Stakeholder, Female, 40–49
More broadly, criminal behaviour of family members may burden households when grandparents
or relatives are required to care for children while their parents are incarcerated. Instances of domestic
violence may result in isolation, financial strain or a fear of going outside inhibiting access to food.
“If you’re on a single pension then all of a sudden it puts your budget over or if your daughter or son
goes to prison then you become the carer of their kids. Well, Centrelink doesn’t know that. Often carer




AR respondents indicated cultural food, especially halal products, were often inaccessible,
expensive or required extensive travel to obtain. Where halal products could not be sourced or
were viewed as too expensive, some individuals would go without food on religious grounds.
“In Australia we have to find certain products like halal meats and it’s difficult to find. We have to go
40 km to find the halal meats . . . It’s a big problem . . . We have to travel a lot to get it. The Muslim
people are struggling in most areas of Perth, because most of the shops don’t sell halal meat.”
At-risk female, 30–39
A stakeholder also indicated that their clients have difficulty obtaining cultural food
(including halal foods).
3.1.5. Transport
Individuals without access to a car must walk or use public transport, and are limited by the
amount of food they could carry in a single trip. The inability to buy in bulk and the need to undertake
frequent shopping trips was seen by respondents as increasing the cost associated with healthy food
and meal preparation. Alternatively, respondents relied on friends or family members for travel,
but this often required payment for fuel and prior planning.
“I find it difficult to get to the shops when I don’t have a car. Because you can’t get everything you
want in one shop. I don’t have license so I have to walk everywhere.”
At-risk female, 20–29
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3.1.6. Illness and Mobility
Medications and doctors’ visits represented unexpected costs and made budgeting challenging.
Those with mental illness could have intense anxiety or fear about going to shops/supermarkets that
are heavily populated, and this could hinder a person’s ability to get nutritious food.
“I’ve got illness. Well I suffer from panic attacks, so I don’t like to go to the shops. I like to be able to
see the exit and go quick and get out. I don’t want to go to the big shops.”
At-risk female, 50+
Illness and older age can be related to taste changes, decreased appetite and fatigue, resulting in
reduced motivation to purchase and prepare food. Stakeholders expressed concern about the elderly
and those with disabilities for who reduced mobility could impact their ability to obtain food.
3.2. Food Availability Pillar
Availability was the second most noted theme overall (18%, n = 59); 21% for the AR group (n = 43)
and 13% for the stakeholder group (n = 16). Four sub-themes of food availability that emerged included
price, location, quality, variety and water supply. These are discussed below.
3.2.1. Price
The majority (56%) of AR respondents considered food to be expensive or unaffordable. Fruit,
vegetables and seafood were the most frequently cited as the least affordable foods; rice, flour,
bread and “junk” foods were perceived to be the cheapest options. Understandings of healthy food
varied within the AR group. Some individuals felt food needed to be organic (frequently a more costly
option) to be considered healthy. Healthy foods, such as avocados and mangoes, were considered
luxury items for the AR group due to their prohibitive price.
“When I first got here, I took a picture and put it on Facebook, because an avocado cost $3...”
At-risk female, 40–49
However, stakeholders primarily mentioned the “subsidization” of processed foods and
referenced supermarkets using marketing strategies, such as “loss leaders” as incentives.
Promotional tactics were cited as taking advantage of vulnerable populations and encouraging
an obesogenic environment where overconsumption of high-energy food was the social norm.
3.2.2. Location
Both stakeholders and the AR group agreed location affected variation in the price, quality and
variety of food. An inconsistency in the price of food was noted across Australian states,
but respondents largely spoke about the disparity between metropolitan, regional and remote areas
within Western Australia. Respondents who worked or had lived in regional or remote areas
spoke about the struggle to obtain healthy food due to climatic conditions, distance and community
store processes.
“ . . . a local regional and remote community store . . . wasn’t providing any fresh fruit and vegetables
because they thought it would be wasted, and there is a higher profit margin of white bread, sugar,
coke and so on.”
Stakeholder, Female, 20–29
Stakeholders commented that food outlets were strategically located to take advantage of
vulnerable groups.
“It’s the ease of fast food being available and they do it to prey on the weak (fast food company) put
a (store) right at the corner of the park . . . They absolutely knew there were some very vulnerable
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people and very low economic consumers that could buy their $1 or $2 or whatever it costs burger and
they put themselves absolutely purposely in that spot . . . We know that it’s mostly plastic cheese and
disgraceful meat, but people eat it because it’s cheap...”
Stakeholder, Male, 40–49
AR respondents acknowledged that junk or fast food often provided a convenient and cost
effective option. Opening hours and the distance to supermarkets were barriers to availability
mentioned by the AR group. Shops and restaurants that closed by 9 p.m. limited the choice of
those working late hours to expensive convenience stores or cheaper fast food options.
“ . . . especially when I was living far away from a shopping centre, I mean there were times when I
was so hungry that I would just pop down to the servo to grab a pie or something.”
At-risk male, 20–29
3.2.3. Quality and Variety (Including Water Supply)
Both stakeholders and the AR group considered the variety and quality of food within the
metropolitan area was generally good. Stock was perceived as superior in quality and variety when
compared to food sold in regional areas. Imported and exported foods were front of mind for both
those AR and stakeholders. The AR respondents felt imported foods were inferior and at times not
safe to consume.
Stakeholders were concerned about the net result of the export of healthy unprocessed foods and
the subsequent import of processed non-nutritious foods.
“Because technically we have an abundant food supply, so it does come down to the individual,
community and food policy side of things. There is such a great availability of non-nutritious foods.”
Stakeholder, Female, 30–39
The concept that food security was inclusive of the availability of both adequate safe food
and drinks.
“It encompasses the adequate availability of water. We don’t have too much of an issue in metropolitan
WA, but on the flip side how available the non-nutritious drinks are. Because that’s an area of concern
as well’.”
Stakeholder, Female, 30–39
3.3. Food Utilisation Pillar
Overall, food utilisation was considered the third most significant driver of food insecurity
(13%, n = 44); however, this pillar was perceived as more important for the stakeholder group
(26%, n = 31) than for the AR group (6%, n = 13). Another notable point of difference was the primary
sub-theme for each group; food literacy was the most referenced sub-theme for stakeholders while
cooking facilities was paramount for the AR group.
3.3.1. Food Literacy
Stakeholders identified limited cooking skills or nutrition education as a food security barrier
and current initiatives were often already preaching to the converted. Aggressive food marketing
and advertising was viewed as affecting people’s food choices, especially those with either lower
education levels or poor food literacy. There was also a perception that their clients could not afford to
experiment or try new recipes, in fear of their families not eating the food and increasing food waste.
“I think the low food literacy is a big part of it. Teaching people about food budgeting and that fresh
healthy food per kg is cheaper and then teaching them the skills to cook it. Also having enough food
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to meet their nutrient requirements. So if they are just getting the cheap take away or the sausages,
white bread. They might have enough food, do they have enough nutrients.”
Stakeholder, Female, 30–39
The AR group largely did not view their food literacy skills as impacting their ability to obtain
enough healthy food. Only the six male student respondents commented that their lack of confidence
in cooking and nutrition knowledge had been an issue in the past.
3.3.2. Cooking Facilities and Resources
Sharing cooking and storage facilities was highlighted by the AR group as a barrier to food
security. For those at risk of food insecurity, a lack of, or unclean cooking facilities, made food
preparation challenging and time consuming.
“I live in a communal place or area in a refuge. Everyone has to share the kitchen, so that makes it
really hard. As opposed to having your own kitchen. I find it really frustrating, to be honest. I can’t
wait to be out of there. Especially when you have a little kid and when other people aren’t clean.
They just leave their stuff there and you have to work around it. It’s not your job to clean up after
them, but they don’t do it as quickly as you do. I ended up saying something to someone yesterday
and it ended up being a huge confrontation. It doesn’t really make you want to cook.”
At-risk female, 30–39
Stakeholders spoke about a general lack of very basic cooking facilities and how this ultimately
impacted consumption of healthy food by people experiencing food insecurity.
“This affects Aboriginal people as well. Something like 40% of them doesn’t have a kitchen. Or a stable
address either. And those who have home the equipment still doesn’t work. We see that a lot with
our clients, a lot of them don’t have fridge so they can’t buy in bulk so they buy little bits and pieces.
They basically have to use it all up within the day. Especially in the summer.”
Stakeholder, Female, 20–29
Additionally, stakeholders and the AR group agreed that cooking could be a large financial
investment. For example, a lack of pantry staples makes cooking from scratch expensive, as all
ingredients need to be purchased. People who move frequently may not be able to take pantry
ingredients with them.
The other thing is cooking a meal, when you have is a small amount of money. It’s relatively large
investment to go to get everything you need, because you won’t use all of it in the meal and some of
that doesn’t last all that long. So unless you’re cooking meals regularly it looks a lot worse on paper
than the fast food options out there.
At-risk male, 20–29
3.3.3. Time
Time as barrier to food security was only mentioned by the AR group. Careful budgeting,
strategic shopping and healthy meal preparation were all considered to be time consuming tasks,
which presented a challenge when individuals were already overcommitted.
“It requires you to make a lot of trips and you’ve got to be checking it out really often and there are
people that won’t go to spend time for that.”
At-risk male, 20–29
3.4. Stability Pillar
Stability (5%, n = 15) had the least number of themes emerged for stakeholders (12%, n = 14) and
the AR group (<1%, n = 1). Policy and economic fluctuations were the sub-themes discussed.
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3.4.1. Policy
Stakeholders conceded that the current public perception was that obtaining healthy food was
a personal choice. Stakeholders expressed concern that governments shifted excessive responsibility
for obtaining healthy food onto individuals, and that too little attention was given to the role played
by policy and industry.
“It’s like they have a choice, but they don’t actually have a choice. They don’t have access.
It’s unavailable. It’s that sort of rhetoric of it’s their choice to eat healthier or not to budget. It’s kind of




Stakeholders discussed the impact of the recent mining boom and bust in Western Australia on the
gap between rich and poor. This gap increased as the prices went up with demand, but stakeholders
also noted that when the mining boom stopped, the gap still existed as jobs were lost. The cost of
living has continued to rise despite the reduction in wages and job losses.
“Look, there are many reasons, with the economic downturn there are redundancies. There could
be people that are very highly geared, so that they were thinking that the mining boom or the gravy
train was just going to continue. They might have just got the big house and lots of cars. You know
completely geared themselves to have this lifestyle and possibly it fell unstuck that way”.
Stakeholder, Female, 30–39
When prompted, all of the AR respondents agreed that the cost of living had remained high
despite the resulting economic downturn.
4. Discussion
There was general agreement between people at risk of food insecurity and stakeholders working
in the area on many of the factors considered to be driving food insecurity in Western Australia.
Of interest was the most apparent deviation in regard to the relative importance attributed to each
of the pillars of food security. The stakeholders tended to focus on big-picture concepts outlined
in the Stability and Availability pillars, including government policy and changes to the economic
climate, whilst those at risk spoke of their personal experience and the minutiae impacting their daily
lives, such as prioritisation of income, found within the Access pillar. These diverse themes emerging
from two different perspectives, the stakeholders and the AR group, are consistent with the findings
reported by other Australian studies [11,23] and similar to trends found between stakeholders and
food-insecure individuals in Canada [8].
Study respondents unanimously considered adequate income as an essential component for food
security and that current government welfare allowances were insufficient. Indeed, poor resourcing
has been documented by several studies as the principal barrier to healthy food acquisition [23–25].
However, a point of difference between the respondent groups shown here was the perception of the
prioritisation of healthy food and the acknowledgement of price as an obstacle. In concordance with the
findings of Hamelin, Mercier and Bédard [8] AR respondents noted both the importance of and desire
to eat a healthy diet, but simultaneously perceived healthy foods to be unaffordable and beyond their
reach. This concept was previously reported by Laurel, et al. [26], who found that Australians from the
lowest income bracket were required to spend an estimated 50% of their income to eat in accordance
with the recommended dietary guidelines. This amount is above a recently calculated marker of food
stress, which occurs when 25% or more of income is spent on food [27]. Previous research has suggested
that when the cost of fruit and vegetables is subsidised, the consumption of these foods increases
within low-income households [28]. This implies that the perceived prohibitive cost of healthy food is
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a significant challenge, regardless of a person’s desire or motivation. Additionally, AR respondents
and other research have cited non-financial factors such as distance to shops [29] and lack of car
ownership [3] that could quite literally put healthy food beyond the reach of some individuals.
A characteristic feature of food insecurity without hunger in developed nations is the dietary
compromise of quantity over quality that typically results in the overconsumption of high-energy
foods [30,31]. Ultimately, the AR respondents followed this trend, as they prioritised a feeling of
fullness over the nutritional quality of food, resulting in a less nutritious diet. The stakeholders in this
study, however, chiefly spoke about the overabundance of cheap, energy-dense products displacing
the intake of nutritious foods in food-insecure people and the expense of healthy food was less
frequently cited.
Another important disparity between the respondent groups was the identification of the main
challenges, largely within the Utilisation pillar, to meal preparation. Barriers to cooking healthy meals
reported in the literature and in this study include the expense of pantry items [32], the inability to
obtain cultural foods [33] and poor access to kitchen or food storage facilities [11]. The AR respondents
cited kitchen facilities as the greatest obstacle to cooking, while stakeholders focused more on food
literacy (cooking and nutrition) skills.
“Food literacy is the ability of an individual to understand food in a way that they develop
a positive relationship with it, including food skills and practices across the lifespan in order to navigate,
engage, and participate within a complex food system” [34]. Food literacy is encompassed within the
utilisation pillar and was regarded by the stakeholders as an important means to assist individuals
ameliorate some the effects of food insecurity and improve their ability to navigate the complex
food system [35,36]. This is in contrast with the current North American position, where nutrition
interventions targeting food-insecure people are thought to be ineffective, as their limited income does
not allow for the implementation of healthy eating principles [8,37,38]. In our study, only the male
AR respondents believed their food literacy skills had impacted their intake of healthy food, whereas,
female AR respondents felt they were very resourceful and used a large range of coping strategies to
reduce the impact of a limited income on food intake. Furthermore, McLaughlin, et al. [39] found no
association between food security status in Canadian women and the frequency of cooking from scratch.
Food-insecure women, however, tended to prepare less complex recipes, possibly due to the expense
of the ingredients rather than a lack of skills. However, the researchers in this study observed varied
levels of nutrition knowledge among their AR group. For example, many AR respondents believed
food needed to be organic to be considered healthy. It is therefore plausible that people with less severe
food insecurity could benefit from an improved understanding of what constitutes a healthy diet.
Regardless, stakeholders within this study also noted differences associated with gender; in particular
food preparation, shopping and cooking primarily seemed to follow traditional gender roles and was
largely the responsibility of women [31,40]. Studies have demonstrated that men living alone may
lack basic cooking and nutrition skills, preventing them from adequately addressing their own eating
requirements [40,41]. It is therefore possible that limited food literacy skills could be a barrier to food
security for males. However, due to low representation of males in our study generalising these results
should be cautioned, and more research is warranted focusing on the male perspective.
Emerging themes in our study also included the impact of poor health and the effect of the
prioritisation of alcohol and drugs on food security status. Both respondent groups agreed that these
issues were detrimental to a person’s food security and competed with cost of medical appointments,
medications and healthy food. Previous research shows positive associations between poor health,
particularly mental health [17], and tobacco [42] and drug usage [43,44] with food insecurity. To date it
is unclear whether these associations are causal or a symptom of low socioeconomic status.
The strength of this study was the consideration of viewpoints from both stakeholders and
a variety of people at risk of food insecurity. Focus groups were conducted to code or data saturation
and therefore provided a well-rounded depiction of the issues. A limitation of this study was
an overrepresentation of female and tertiary student respondents and an underrepresentation of
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several subgroups (regional and remote, Aboriginal people). Therefore, our study population was not
a representative sample of the Australian population and this limits the generalization of the results.
Additionally, due to concerns about literacy skills, a food security measurement was not applied to
the AR respondents. The researchers could therefore not definitively classify these individuals as
“food-insecure” at the time of focus group or interview. However all participants in the AR focus
group gave examples of food insecurity, which provided adequate justification for their classification.
Recommendations to Assist Stakeholders to Better Combat Household Food Insecurity
Based on the findings of this research the following recommendations have been suggested:
1. Include pantry items and culturally appropriate foods in emergency food relief packs.
2. Assist individuals to cook meals at home by subsidizing the cost of healthy foods, particularly fruit
and vegetables.
3. Tailor food literacy programs to more effectively engage males.
4. Provide education for stakeholders that motivation or desire may not be the underlying reasons
for overconsumption of non-nutritious foods in food-insecure people, and that other factors such
as prioritization of funds or time may be an issue.
5. Conclusions
Although there was agreement on the perceived importance of the major drivers of food insecurity,
such as income, there were notable differences between the AR individuals and stakeholders when it
came to some factors, including time, food literacy, health policy and the price of food. These differences
may in part be attributed to the varied role each group has to play in the resolution of the problem. It is
understandable that stakeholders would focus their efforts on lobbying for enhanced government and
industry policy as this would enact significant change at a system level. However, it is still important to
acknowledge the lived experience of food-insecure individuals and recognize that a lack of motivation
or desire may not be the underlying reason for poor dietary intake.
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Abstract: This study was carried out among Palestinian refugee women in the West Bank to provide
data on the prevalence of metabolic syndrome (MetS) and its correlates. Data were obtained from
a cross-sectional study of 1694 randomly selected refugee women from the United Nations Relief
and Works Agency for Palestine Refugees in the Near East (UNRWA) health centers throughout the
West Bank during June and July 2010. In this cohort, 30% of the refugee women were overweight,
39% were obese, and 7% were extremely obese. Based on World Health Organization (WHO)
criteria, the age-adjusted prevalence of MetS was 19.8%. The results of the binary logistic regression
analysis indicated that older age and younger marital age were significantly associated with an
increased likelihood of MetS in the women. The high prevalence of obesity and MetS mandates the
implementation of national policies for its prevention, notably by initiating large-scale community
intervention programs for 5.2 million refugees in Palestine, Jordan, Lebanon, and Syria, to tackle
obesity and increase the age at marriage.
Keywords: Obesity; metabolic syndrome; refugee; women; Palestine
1. Introduction
The post-2015 development agenda offers an opportunity to ensure a future framework that fully
integrates non-communicable diseases (NCDs), which are the leading global determinants of death in
adults, and cause more deaths than all other factors combined [1]. About 80% of deaths attributed to
NCDs are believed to occur in emerging low- and middle-income countries [2]. In 2010, the World
Economic Forum cited NCDs as one of the most important threats to economic development, alongside
the current financial crisis, natural disasters, and influenza pandemics [1]. NCDs are also the leading
causes of death in the Arab world, particularly in middle- and high-income countries, where is chaemic
heart disease is the number one cause of death [3]. As in the rest of the world, NCDs have increased
among Palestinian refugees, and are an added burden on the health care system. For example, in 2011
the prevalence of hypertension and diabetes in Palestinian refugees in the West Bank was 17.3% and
12.5%, respectively [4]. From 2001 to 2011, the number of Palestinian refugees affected by NCDs
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and treated at UNRWA (United Nations Relief and Works Agency for Palestine Refugees in the Near
East) health centers in the West Bank, Gaza Strip, Jordan, Lebanon, and Syria was estimated to have
increased from about 85,000 to approximately 212,000, with females (61%) bearing the brunt of the
conditions [4].
Like NCDs, the prevalence of obesity has also increased worldwide. Obesity rates are estimated
to have nearly doubled between 1980 and 2008 [1]. In the Middle East region, obesity rates are higher
among women than men [5]. It is well-known that individuals with overall or abdominal obesity have
an increased risk of developing metabolic syndrome (MetS) and diabetes mellitus [6]. As obesity rates
continue to rise globally, the prevalence of MetS will also increase [7].
Despite the plethora of studies from other regions of the world, there is a paucity of data on MetS
in Palestine in general [8–12]. In a small study conducted in the West Bank in 2001 [11], 58% of refugee
women met the criteria for metabolic syndrome. However, this study was limited, as it examined
women aged 40–65 years selected from only two of the 19 camps in the West Bank. More up-to-date
evidence from larger studies is currently lacking. In line with the UNRWA Health Department strategy
to collect systematic data on performance and management indicators, the overall aim of this study is
to estimate the prevalence of MetS and its components, including obesity in Palestinian female refugees
in the West Bank. Based on a review of the factors associated with MetS [6,13–16], we postulate that
MetS increases with age, younger age at marriage, parity, urban living, and lower levels of education.
2. Materials and Methods
Description of Target Population and Sampling Design
The UNRWA has provided comprehensive primary health care to four generations of Palestine
refugees, who lost their homes and means of livelihood as a result of the 1948 conflict. There are
58 camps in five fields of operation: the West Bank, Gaza Strip, Jordan, Lebanon, and Syria. There are
19 camps in the West Bank, with a total of 874,627 registered refugees [17]. Most of the other refugees
live in towns and villages in the West Bank. Some camps are located next to major towns, and others
are in rural areas.
We conducted this cross-sectional study in the 42 UNRWA health centers and mobile clinics
throughout the West Bank during June and July 2010. We selected all women ≥15 years who
reported to all 42 UNRWA primary health care centers and mobile health clinics in the designated time
period. We excluded pregnant women and women in the puerperal period (up to 6 weeks following
termination of labor). Data were collected during June and July 2010 by a field team of a doctor and
6 nurses.
Women visiting the health centers or mobile clinics on a day designated for data collection
were interviewed and their body measurements and blood pressure were taken, and blood samples
were collected the following day at the clinic laboratory to examine fasting blood glucose. A mercury
sphygmomanometer was used for the measurement of blood pressure in the right arm. The participants
rested quietly in a seated position for at least 15 min before the blood pressure measurement. Systolic
and diastolic blood pressures were defined as the average of three readings. Using a measuring
board, electric balance, and measuring tape, nurses at the clinic recorded the standing height, weight,
and waist of each study index twice with light clothing. Waist circumferences measurements were
taken with the measuring tape in a horizontal plane, midway between the inferior margin of the ribs
and the superior border of the iliac crest. To avoid inter-subjective error, all measurements were taken
by the same person. If the difference between the two measurements was more than 10%, a third
measurement was obtained. Body mass index (BMI) was calculated as weight in kilograms divided by
the square of height in meters, to determine a designation of underweight, normal weight, overweight,
and obesity. Data on hypertension and medication for diabetes were extracted from medical records to
minimize report bias. Blood was drawn after an overnight fast and analyzed for serum triglycerides,
high-density lipoprotein (HDL) cholesterol, and glucose determinations. Biochemical analysis was
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conducted on fasting plasma samples, all blood analyses being done at the UNRWA laboratory on the
day of blood collection. HDL cholesterol and triglyceride (TG) blood levels were measured using the
HUMAN kit from Boehringer Mannheim, Mannheim, Germany. The UNRWA Health Department
Ethics Committee, Jerusalem, Palestine, approved the study protocol in January 2010. Written informed
consent (or assent) was obtained from the participants and the parents of those aged below 18 years.
3. Variables
3.1. Definition of Metabolic Syndrome
The definition of MetS is based on WHO diagnostic criteria [18]. For the purpose of comparison
with other regional and international data, the prevalence of MetS is also reported based on the
National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) [19]. Direct
standardization of prevalence was performed according to the population data published by the
United Nations population division, as well as for the “WHO new world population” [20].
3.2. World Heath Organization Criteria
WHO criteria for MetS in epidemiologic studies were met if an individual had impaired fasting
glucose, defined as a fasting glucose level between 110 and 126 mg/dL; diabetes (fasting glucose level
≥126 mg/dL); or was on diabetes treatment plus two or more of the following abnormalities: blood
pressure of ≥140/90 mmHg or taking antihypertensive drugs, serum triglycerides of ≥150 mg/dL or
serum HDL cholesterol of <39 mg/dL, or BMI ≥ 30 kg/m2 or waist circumference >85 cm.
3.3. National Cholesterol Education Program-ATP III
ATP III criteria for MetS were met if an individual had three or more of the following criteria: waist
circumference > 88 cm, fasting plasma glucose (FPG) ≥ 110 mg/dL, blood pressure ≥ 130/85 mmHg
or mediation use, serum triglycerides ≥ 150 mg/dL, and serum HDL cholesterol < 50 mg/dL.
3.4. Individual and Household Measurements
Data collected on individual factors were age, age at marriage, social status, parity, education,
employment, obesity, hypertension, impaired fasting glucose, and hyperlipidemia. The household
variable was the type of residence: urban, rural, or camp. Age of participants was determined to the
nearest year.
3.5. Statistical Analyses
Means, standard deviations for continuous variables, and percentages for categorical variables
were used to describe the characteristics of the study sample. All analyses were performed by age.
Chi-square tests were used to compare the distribution of metabolic syndrome components among
women with and without obesity. MetS prevalence was adjusted to the WHO world standard for the
2000 population by direct standardization [21]. A binary logistic regression analysis was performed
using the dichotomous variable MetS (1 = present, 0 = absent). The independent covariates included in
the binary logistic regression analysis were age, type of residence, level of education, age at marriage,
and parity. In all statistical analyses, p values less than 0.05 were considered significant. Statistical
analyses were performed using Statistical Package for the Social Sciences (SPSS) v.17 (SPSS Inc., Version
17.0, Chicago, IL, USA).
4. Results
Data were collected on 1694 (98%) women visiting the health centers and mobile clinics at the
time of data collection, of which 1562 (92%) had complete blood testing. The missing blood tests are for
women who did not return for the blood test. The characteristics of the study sample are summarized
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in Table 1. The mean age was 39 years. Most women were unemployed and had completed high
school education or below. Most women were married. Mean marital age was 19.6 years.
Table 1. Study sample characteristics (n = 1694) for refugee women (15–84 years), West
Bank/Palestine 2010.
Variable Mean (SD 1)
Age 38.6 (13.1)
Menarcheal Age 13.6 (1.4)






Number of children 5.4 (3.0)












Finished up to 12th grade 70.4%
High School Diploma 11.0%
University 10.6%
1 Standard deviation.
4.1. Components of Metabolic Syndrome
Seventy six percent (1282 out of 1692) of the women in the study were overweight/obese
(BMI ≥ 25) and 58% (988 out of 1694) of the women had central obesity, with a waist circumference
greater than 88 cm (Table 2).
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Table 2. Health status of the study sample (n = 1694) of refugee women (15–84 years), West
Bank/Palestine 2010.
Variable n (% Unless Otherwise Indicated)
Body weight 1
Underweight (Body Mass Index (BMI) < 18.5) 21 (1.2%)
Normal weight (BMI 18.5–24.9) 388 (22.9%)
Overweight and obesity (all) 1282 (75.9%)
Overweight (BMI 25–29.9) 512 (30.3%)
Obesity I (BMI 30–34.9) 422 (24.9%)
Obesity II (BMI 35–39.9) 231 (13.7%)
Extreme Obesity (BMI ≥ 40) 118 (7.0%)
Waist circumference above 88 cm 988 (58.3%)
Low High-density lipoprotein (<50 mg/dL) 445 (28.6%)
Triglycerides ≥ 150 mg/dL 449 (28.8%)
Mean fasting blood glucose level in patients without impaired
fasting glucose or diabetes (mg/dL) (SD) 2 87.98 (11.20)
Patients with diabetes n (%) 193 (11.4%)
On medication n (%) 177 (91.7%)
Patients with impaired fasting glucose 2 358 (22.9%)
Fasting Blood Glucose (FBG) ≥ 110 mg/dL with/without
medication 332 (21.2%)
Normal FBG (FBG < 110 mg/dL) on diabetes treatment 26 (1.7%)




Based on the definition of the World Health Organization 262 (16.9%)
Based on the definition of The Adult Treatment Panel III 415 (26.6%)
1 Data based on 1692 out of 1694 women. 2 Estimate based on 1562 out of 1694 women. 3 Estimate based on 1692
out of 1694 women. 4 Estimate based on 1552 out of 1694 women.
4.2. Metabolic Syndrome
Based on WHO criteria, the prevalence of MetS was 16.9% (Table 2). The age-adjusted prevalence
rate based on the WHO standard population was 19.8%. Based on ATP III criteria, 26.6% of women had
MetS, with an age adjusted prevalence rate of 28.6%. Similar to the findings on diabetes, hypertension,
central obesity, and low HDL, the prevalence of MetS increased significantly with age, with sharp
increases occurring after the age of 44 (Figure 1).
Figure 1. Prevalence of metabolic syndrome and its components by age groups. TG: triglycerides;
MetS: metabolic syndrome.
The frequencies of the individual components of the metabolic syndrome were more prevalent in
obese compared to nonobese women (Table 3). By the ATP III definition, large waist circumference
was the most common abnormality in women with obesity. Around 18.4% of obese women and 4% of
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nonobese ones had four or more components for MetS. A much higher percentage of nonobese (40.9%)
than obese women (3.2%) had no MetS component abnormalities. About four times the percentage
of obese versus nonobese women had all five metabolic abnormalities indicative of the MetS (4.1%
versus 1.1%).
Table 3. The relative frequencies of the individual components of the metabolic syndrome and the
number of MetS components present in refugee women by body mass index (BMI).
Variable BMI < 30 kg/m2 BMI ≥ 30 kg/m2 p-Value (BMI < 30 vs ≥ 30 kg/m2)
n (%) 921 (54.4%) 772 (45.6%)
Waist circumference > 88 cm 30.2 92 <0.0001
Blood pressure ≥ 130/85 mmHg or medication use 16.0 37.7 <0.0001
Triglycerides ≥ 150 mg/dL 18.6 40.9 <0.0001
Low High Density Lipoprotein (<50 mg/dL) 26.5 31.0 <0.027
Fasting Blood Glucose (≥10 mg/dL) or medication use 12.4 31.6 <0.0001
Number of components
≥1 59.2 96.8 <0.0001
≥2 27.1 71.6 <0.0001
≥3 12.4 42.5 <0.0001
≥4 4.0 18.4 <0.0001
5 1.1 4.1 <0.0001
4.3. Factors Associated with Metabolic Syndrome in the Study Sample
The results of the binary logistic regression analysis indicate that older age (odds ratio 1.10,
95% CI:1.09–1.12) and younger marital age (1.06, CI: 1.02–1.10) were significantly associated with an
increased likelihood of MetS among the women. Based on our sample, the level of education, parity,
and residency were not associated with MetS.
5. Discussion
We found a high prevalence of metabolic syndrome and its individual components is high in
this group. The rate of obesity among Palestinian refugee women 15–64 years in the present study
was much higher than that in Palestinian women in the same age group, based on the WHO STEPS
survey from 2010–2011 (45% versus 27%, respectively) [22]. Among our cohort, 76% of the refugee
women were overweight/obese (BMI > 25), a figure that is higher than in most countries in the
Eastern Mediterranean Regional Office (EMRO), apart from Kuwait (79%) [1]. While the majority of
those who were obese were aged 45 years and above, rates among adolescent women were also high.
The prevalence of overweightness and obesity among adolescent women in our cohort was 38.2%,
which is close to that in Kuwait (41.4%) [23]. The UNRWA had provided food rations to refugees
living in camps in the form of oil, sugar, rice, flour, and powdered milk, distributed to needy families
every three months. These food parcels contributed only a small proportion of food consumption,
and the UNRWA replaced food parcels with cash cards in 2016. We believe the main factor behind
the high prevalence of obesity is poverty and food insecurity in camps. People consume mostly
carbohydrates and fatty foods, rather than fruit and vegetables. This is why the “double burden of
under- and overnutrition” remains prevalent in Palestine, among other public health challenges. Based
on our earlier published report on a random sample of children aged 6–15 years, 24% of the girls aged
14–15 years were overweight or obese, and 5% had stunting [24].
This high rate of obesity among Palestinian refugee women in this cohort is similar to figures
observed in high-income Middle Eastern countries like Kuwait (47.9%), Saudi Arabia (44.0%),
and Qatar (45.3%) [25]. The high rate of obesity in our cohort (46.0%) is surprising given the differences
in socioeconomic status (SES) between Palestinian refugee women and those in Kuwait, Saudi Arabia,
and Qatar. These findings suggest that SES alone does not explain the obesity epidemic, and other
risk factors may be present, including biological, genetic, environmental, or nutritional factors that
predispose Palestinian refugee women to high rates of obesity. This calls for the identification of local
environmental risk factors for obesity, specifically within refugee camps and their surroundings.
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Data on obesity in adult refugee women are limited. A study by Grijalva-Eternod was the first to
examine obesity and undernutrition among adults residing for extended periods in refugee settings.
Grijalva-Eternod et al. found a similar trend of high obesity rates in a study conducted in Western
Saharan refugee camps in Algeria [26]. In that study, the prevalence of obesity among refugee women
was 21.9%, a lower figure than that observed in our study population. Additionally, the authors also
observed a double burden of obesity and malnutrition among the cohort in Algeria. The possible
occurrence of such a status was not assessed in our study.
Only limited data are available regarding MetS in Palestine. Whatever information is available
emanates from small studies conducted in the West Bank and Gaza Strip in small geographical
areas, or for patients with schizophrenia or cardiovascular diseases [8,10,12,27]. To our knowledge,
the present study is the first observational study focusing on obesity and related risk factors among a
random sample of Palestinian refugee women in the West Bank. Our results, not previously reported,
clearly point to the occurrence of silent yet massive obesity of epidemic proportions among Palestinian
refugee women in the West Bank.
Given that Palestinians constitute one of the largest refugee populations in the world, with a
population of more than four million distributed across several geographic areas and countries,
our findings have important policy implications, both for the local population and globally among
adults residing for extended periods in refugee settings. Although further investigations will
be required, our findings call for the establishment of a priority NCD focus on obesity, MetS,
and diabetes for refugee women. Whether these NCD priorities apply equally to men is a subject for
further investigation.
Based on ATP III criteria, the age-adjusted prevalence of MetS among women 20 years old and
above was highest in our study sample (27%), in comparison with similar studies among Arab women
in Saudi Arabia and Oman, and among Arab-Americans in the United States, where the prevalence was
14%, 23%, and 25%, respectively [15,16,27]. In line with previous studies in Iran [13], Saudi Arabia [15],
Oman [28], and Kuwait [6], the prevalence of MetS increased with age. Age-related changes in body
size, fat distribution, and insulin sensitivity contribute to the prevalence of this syndrome increasing
with age [16]. Overweightness and obesity were associated with MetS. However, the presence of
abdominal obesity is more highly correlated with the metabolic risk factors than an elevated BMI
(95% of women with MetS had waist size greater than 88 cm), which is in agreement with published
reports [29]. Lower marital age was one of the factors associated with MetS in our study sample (11%
were married at age 15 or below, and 35% were married before the age of 18). While Sirdah et al.,
report a higher incidence of MetS among married women, the link between lower marital age and
MetS found in our data has not been reported previously in other Palestinian studies [9]. This link may
be partially explained by early onset of childbirth, multi-parity, and an increased risk of gestational
diabetes; however, these issues were not investigated further in the present study. It is essential to
consider the role of non-traditional demographic risk factors, such as marital age and the link to MetS.
Direct implications could include the implementation of national policies to eradicate child marriage.
Although the present study adds to the NCD and MetS literature, it has several limitations.
First, this is a clinic-based rather than a population-based study, and was conducted among women
attending primary health care clinics. Second, it is a cross-sectional study, and as such, causality could
not be examined. Third, our study was limited only to refugee women, and whether refugee men
have similar rates of MetS and obesity could not be determined. This study was carried out in one
of the five regions covered by the UNRWA, but we believe that the results can be generalized to all
refugees in the four remaining regions covered by the UNRWA (Gaza Strip, Lebanon, Syria, Jordan).
Further gender-based comparative studies are needed. Despite these limitations, our study is the first
to report a high prevalence of MetS and obesity among Palestinian refugee women who reported to all
42 UNRWA health centers and mobile health clinics in the designated time period.
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6. Conclusions
Based on our study findings, the high prevalence of obesity and MetS, both of which pose a
considerable burden on the middle-aged population, require national policies to be implemented
for the prevention, detection, and treatment of these diseases, which are known to contribute to the
rising incidence of NCDs. These measures should go hand in hand with holistic, multidisciplinary,
and multi-sectorial preventive measures at the individual, community, and societal levels, and should
focus on promoting healthy dietary habits and enhancing regular physically active lifestyles,
particularly for children and adolescents [30]. Curbing the growing burden of NCDs among Palestinian
refugees to reach the “25 by 25” global goals (reduce avoidable mortality from NCDs by 25% by 2025) is
a huge challenge for society and the world community in the post-2015 Millennium Development Goals
agenda. Management of people with NCDs and multi-morbidity will continue to be an increasingly
demanding responsibility for the UNRWA, but is hindered by decreasing resources at its disposal.
However, the situation depicted in this report leaves no room for inaction.
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Abstract: Objective: This study aimed to evaluate the consumption of fruits and vegetables (FV)
by low-income students participating in the Brazilian Student Assistance Program. Methods: For
three days, we measured participants’ consumption through direct observation of food intake at the
University Restaurant (UR) and 24-h recall outside the restaurant. The 174 undergraduates were
divided into two groups to obtain data on FV intake at the weekend (Sunday) and two days of the
week. Group 1 included low-income undergraduates who received their meals for free, and Group 2
included students who paid for their meals at the UR. Results: Both groups presented a very low
consumption of FV. On the weekend, Group 1 consumption was equal to Group 2, but it was higher
than Group 2 on weekdays, demonstrating how important the UR is for this population. The lowest
contribution of the UR to the daily consumption of FV was 59%, reaching a percentage of 87.27%.
Fruit supply in the restaurant menu may have positively influenced this consumption. Conclusions:
The consumption of FV varied according to the menu offered at the UR. The UR should be a space to
promote healthy eating habits including more FV in its menus.
Keywords: consumption of fruits and vegetables; low-income undergraduate students; Student
Assistance Program
1. Introduction
Fruit and vegetable (FV) consumption is associated with several health advantages, such as
lowered chronic diseases because of their low energy density, high fiber, bioactive compounds,
vitamins, and minerals profile [1]. Studies [2–5] have shown that the population’s consumption
of FV does not meet the recommendations of the World Health Organization (WHO) (400 g per day) [6].
In some countries, socioeconomic disparities of diet quality are well established. Low-income and low
levels of education have been associated with poor diets and poor health [7].
Multiple factors are known to influence diet quality, including economic barriers, inadequate
nutrition knowledge and awareness, food preferences and attitudes, and cultural factors [7].
The decision to consume FV, mainly out of the home, can be influenced by several factors, including
confidence in the hygiene of served raw products (salad), variety, attractiveness, sensory balance,
and appearance [8]. Some studies have shown the association of physical distance to a supermarket
or restaurant with FV intake or overall diet quality and body weight [7,9–11]. Therefore, ensuring
physical access to FV suppliers has recently become the focus of public health policies designed to
improve the diets and health [7,9–12] of low-income population.
Cook and Papadak [13], studying United Kingdom university students, showed that knowledge
influences the FV consumption. Students with higher knowledge level tended to get involved in
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healthier eating practices, including higher consumption of FV [13]. Divergently, a study conducted in
Tunisia with university students showed an inadequate consumption of FV, and 37% of the students
were overweight, and 9% were obese [14]. The eating habits of young people can inform us about the
future demand for food, as well as the possibility of certain diseases increasing. This knowledge is
relevant to design nutritional policies on health promotion [15].
In Brazil, the Brazilian Family Budget Survey (POF) revealed that less than 10% of the population
meets the recommendations of FV intake [16]. As part of public health policies designed to improve
low-income diets and health, there is a National Program of University Student Assistance (PNAES),
in which the low-income students have free access to food at the University Restaurants (URs) [12] to
guarantee the social rights of feeding, consolidated by the Universal Declaration of Human Rights [17].
To participate in this Program, students of the Brazilian public universities should be primarily from
public schools. Also, their average family income should be of up to 1.5 minimum wage. At the
University of Brasilia, this program offers free breakfast, lunch, and dinner, from Monday to Saturday.
The UR’s meals should be nutritionally balanced, with a basic composition of fruits, raw vegetables,
white and brown rice, baked bean, cooked vegetables, and protein dishes. Meals at the UR are free for
students of the PNAES, while for other students, it has a cost of US$0.83 per meal [18].
It is essential that a UR subsidized by the government offers different options of FV to its students,
to improve their FV consumption and to achieve the WHO’s target [6]. Menu planning is the key
point for this offer to be conducted in ways that encourage FV consumption. Nutrition education
strategies are also important, for students to be not only exposed to FV, but to consume them. Therefore,
this study aimed primarily to evaluate the consumption of FV by students participating in the Student
Assistance Program who regularly eat at the UR of the University of Brasilia. We also aimed to compare
them to a group of students who are not part of the program, as well as to assess the UR’s contribution
to the daily intake of FV.
2. Materials and Methods
2.1. Study Design
We conducted this study at the UR of the University of Brasilia, Brazil. We chose a matched
cross-sectional epidemiological method with the allocation of two groups through the control of the
variables age (±2 years) and sex, to nullify the confounding variables. This increased the possibility
of participants to present similar characteristics, as well as the power of the statistical tests to detect
differences or associations with the objective to make easier interpretation of the results.
We gathered data for three months to complete the entire protocol. We observed each participant
for two consecutive days (weekdays) during meals at the UR and on Sunday, we used 24-h recall for
the whole day consumption assessment. The Health School Ethics Committee of the University of
Brasilia approved this study (Report No. 610.774/2014).
2.2. Subjects
Group 1 consisted of low-income students who use the UR free of charge—support provided by
the university to guarantee low-income student’s food access, and permanence and graduation at the
university. We used the UR’s access control system to obtain data to set this group. Group 1 presented
an average family income of up to 1.5 minimum wage (about US$435.00), one of the criteria created by
the university for students to receive assistance. Criteria for inclusion of individuals in this study were
to have free access to food at the UR, as part in PNAES assistance program; to have had two meals
on the same day at the UR, at least once, within fifteen days prior the start of the study; the student’s
consent to take part in the research; to be at least 18 years old.
Group 2 included students from the university who do not participate in PNAES, but they go to
the UR to have meals, either lunch or dinner, independently of the frequency. Group 2 had a family
income higher than 1.5 minimum wage since they are not part of PNAES. We excluded pregnant
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women from this study, since they had different nutritional needs and body composition from the
general population. Students from Group 2 also needed to be at least 18 years old and to agree to take
part in the research.
In Group 1 (low-income assistance students), 439 individuals received our email, inviting students
to be a participant and to answer a short questionnaire that contributed to the design of their
socioeconomic profile. We used the SurveyMonkey® tool to gather information. All the individuals
that answered the questionnaire were invited to be part of the follow-up research phase at the UR.
The final sample for this group was 79 individuals that completed the two-days meals’ observation
and one-day 24-h recall.
In Group 2 (non-assistance students), students were randomly selected from the cafeteria line,
at the entrance of the UR, who accepted to participate in the study. The size of the sample was the
same as Group 1 (n = 439). However, during the research, students who accepted participating while
in line on the first day, did not come to the UR to complete the three days established in our protocol.
Therefore, the final sample for this group was 94 individuals. The selection criteria at the cafeteria
line followed the methodology used by Godoy et al. [19], using a systematic order to approach users,
one user for every 15 that entered the UR on the day of data gathering. When the researchers achieved
the final sample, they did not invite more students to participate.
Group 2 answered the same questionnaire as Group 1 after acceptance to participate in the research
on the first day of observation. Students from this group received information that they needed to
come to the UR for a second and third day, and they should identify themselves to researchers at the
area designed for data gathering.
Students from both groups who agreed to participate had their meals in an exclusive dining
room. Their meals could consist of breakfast, lunch, and/or dinner, that were offered at the UR from
Monday to Saturday. The UR represents six cafeterias divided into three different floors. To enter the
UR, students enter a unique line, and when inside the main floor, they may choose their way to one
of the cafeterias. Therefore, researchers approached students at the main floor to invite them for the
study. Afterward, researchers conducted students at one of the cafeterias in other to gather all the
participants in the same room. This procedure was important to observe the plate’s assembly.
2.3. Variables and Instruments
The socioeconomic variables chosen for this study were: sex, age group, and income. Besides these
data, we measured the weight and height for Group 1 and Group 2. For anthropometric evaluation,
we collected measurements of weight (G-tech scale, model: 200 Glass of 200 Kg capacity) and height
and, calculated the body mass index (BMI). We classified the BMI following the criteria adopted by the
World Health Organization (WHO) [20]. Students who agreed to participate were invited to take part
in this part of the study. Researchers provided different times and dates for students to come to the UR
to take the measurements. To encourage this procedure, we informed the students that nutritionists
would be available on the same day to give orientations.
To verify the consumption of each group, we applied 24-h recall for the weekend day and meals
consumed outside the UR and direct observation for meals performed at the UR. Through the 24-h
recall, it was possible to calculate the average number of meals performed by each group.
The assembly of meals was at the students’ discretion, who were free to choose the amount of
food that suited them. For breakfast, all the items on the menu were portioned, and students could
be served, or not, one portion of each item. For lunch and dinner, students served themselves for
the following items: rice, beans, cooked vegetables, raw salads, soup, bread, spices, olive oil, sauces,
and cassava flour. For main course (protein dish) and fruit or sweet desserts, an employee of the UR
portioned them every day for all the students. It is important to highlight that the students served
vegetables (raw or cooked), and they could decide their portions for lunch and dinner. The employee
of the UR portioned the fruit, and served students who wanted to get the fruit. Students were free to
get the fruit served, as well as being able to reject FV. They could ask the employee to have a smaller
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serving of the fruit too, but they could not ask for more. This serving procedure is a limiting factor for
fruit consumption, but the comparison is still important because students could refuse to get the fruit,
they could ask for smaller portions, and they could consume fruits in other meals outside the UR. We
compared the fruit consumption considering the whole day consumption for both groups.
This practice already occurred at the University Restaurant, and the researchers preserved it
in this research because of the cost of these ingredients, and the amount of protein calculated for
a balanced meal. Trained observers accompanied meals’ assembly by previously classifying the
portion sizes served by the students according to the methodology proposed by Savio et al. [21].
This methodology consists of prior weighing of portion sizes before the UR is open to the public. With
the utensils presented to the students at the cafeteria, observers weighed three times small, medium,
large, and extra-large portions. We invited students to participate, but they did not know that we were
analyzing the intake of FV. Observers did not interfere in meal assembly. As a student walked through
the food line, the observer classified each portion of each component of the meal.
We weighed the served meal (Filizola®, 20 kg capacity, Brazil) and the weight was recorded on the
appropriate manner, containing the student’s identification, the weight of the empty plate, the weight
of the plate with the food, and the weight of the plate with leftovers. Other weighed items were those
served out of the plate composition, such as salads and soups served separately, drinks, desserts,
bread, spices, olive oil, sauces, and cassava flour. When the individual returned for a second serving,
we repeated the observation and weighing procedure, and we considered them for the assessment of
one’s consumption. Both groups could have a second serving, except for the protein dish and fruits or
desserts for lunch and dinner. For breakfast, the UR did not allow a second serving.
For meal leftovers, we discounted them proportionally by the items placed on the plate for every
meal held at the UR. Therefore, plates had to be returned to a specific area in the cafeteria, and the
researchers weighed them.
While eating their meals at the UR, the researchers asked the students about the food consumed
outside the UR by using a 24-h recall (R24h) during the two weekdays of data collection. To evaluate
food consumed on one day of the weekend (Sunday), we used the R24h to gather the individual’s food
consumption out of their routine. Therefore, we obtained three complete days of consumption for
both groups.
To evaluate the intake of FV, we considered these foods separately; that is, those identified by
direct observation at the UR and those that were described by the students with their respective
amounts reported in the R24h. This separate data was important to evaluate FV intake outside and
inside the UR. We excluded the consumption of starchy vegetables (potatoes, cassava) from the daily
intake of vegetables. It is a methodology used by the WHO [6], that also excludes these foods from
their recommendation of 400 g of FV per day. The researchers recorded all FV consumed during
the day, excluding juices, smoothies (fruits blended with milk), and stewed meat with vegetables,
due to the inaccuracy of measurement. In both groups, only four students consumed smoothies (not
recorded data).
In the end, for each student, we had the following data to analyze and compare groups: body
weight, height, body mass index, answered questionnaire, one-weekend day 24-h recall intake, two
complete weekdays’ intake using 24-h recall for meals outside the UR, and direct observation of meals
consumed at the UR considering leftovers.
2.4. Statistical Treatment
We entered and processed data into a database specifically developed for this study using the
Statistical Package for Science Program—SPSS version 20.0®. After the creation of the data input form,
we checked them through frequency distribution analysis, comparing the values of each variable in the
SPSS database to those of possible occurrence, preventing typos. Normality assumptions were checked
(Kolmogorov–Smirnov), and we determined the measures of central tendency and sample variance.
To verify the differences between the studied groups, we used the t test for means, Kruskal–Wallis
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and the Mann–Whitney tests along with Tukey’s post hoc procedure for proportions. To evaluate the
correlation among variables and the difference in consumption between groups by sex, we applied
Pearson’s chi-square test.
3. Results
The average number of meals eaten by both groups is 3.58 ± 0.96. The most common meals
were breakfast, lunch, and dinner. When evaluating each group separately, Group 1 had an average
number of meals of 3.51 ± 0.93, and Group 2 of 3.64 ± 0.99. Analyzing by group and sex, women from
Group 2 presented the highest number of meals (3.94 ± 0.95). The lowest number of eaten meals was
3.40 ± 0.97 for men in Group 1.
Table 1 shows the n and the percentage of the anthropometric profile, socioeconomic,
and demographic variables of the final samples in each group. Table 2 shows FV intake by sex
and group of students by quartiles due to the large variance of intake, since we did not confirm
normality assumptions. The consumption of FV on Sunday did not reach the 400 g recommendation
in any of the groups (Table 2).
Table 1. Anthropometric profile, socioeconomic and demographic variables for both groups of students,
consumers at the University Restaurants.
Variables
Group 1 (n = 79) p Group 2 (n = 94) p
n % n %
Sex
Male 45 57 0.216 *** 52 55.3 0.302 ***
Female 34 43 42 44.7
Age Group
<20 21 26.6 24 25.5
20–29 54 68.4 0.000 ** 63 67 0.001 **
30–39 3 3.8 5 5.3
>40 1 1.3 2 2.1
BMI (average ± SD) kg/m2 21.8 ± 3.7 0,027 **** 23.2 ± 4.2 0.027 ****
BMI (classification)
Low weight 14 17.7 3 3.2
Normal 52 65.8 35 37.2
Overweight 8 10.1 12 12.8
Obesity 1 4 5.1 1 1.1
Obesity 2 - - 2 2.1
Income
<1.5 mw * 79 100 - -
>1.5–3 mw * - - - 21 22.3
>3–5 mw * - - 10 10.6 0.001 **
>5 mw * - - 28 29.8
Not Declared, but >1.5 mw - - 35 37.2
* mw—Brazilian minimum wage (US$289.00); ** Kruskal–Wallis; *** Mann–Whitney test; **** t test.
We had similar groups for comparison of data. All students from Group 1 had low family income
as stated in the inclusion criteria. For Group 2, most of the students had an income above five minimum
wages, showing better conditions to improve their diets.
In Group 1, we did not identify a correlation between BMI and the consumption of FV (p = 0.784).
However, in Group 2, among women, for Day 2, consumption showed a negative correlation between
the consumption of FV and BMI, with p = 0.04 and a correlation of 0.452. According to average BMI,
groups mainly presented the normal classification, but means were statistically different. Group 1
presented more low weight students and no individuals classified as obesity 2.
The intake of FV on Day 2 was higher than on the weekend, but none of the groups achieved
the recommendation level. On Day 3, the students of Group 1 in the third quartile, concerning both
genders, exceeded the recommended level. The prevalence of consumption adequacy (≥400 g/day) is
in Table 2.
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Male (n = 45) Female (n = 34) Male (n = 52) Female (n = 42)
P25 Median P75 P25 Median P75 P25 Median P75 P25 Median P75




0 75 180 0 72.5 169.5 0.938 0 76 206 0 80 209 0.779
FV intake—
Day 2 106 191 306 99.5 189.5 308 0.465 48 150 264 48 124 262 0.001
FV intake—
Day 3 134 283 525 139.2 297 551.5 0.944 90 160 246.5 92.2 163.5 215.7 0.545
* Mann-Whitney U test.
Table 3 presents the prevalence of FV consumption by the group for each day of analysis.
Consumption of Group 1 on Day 3 was higher than Group 2 with statistical difference (p = 0.001;
Mann–Whitney U test), for Days 1 and 2, there was no statistical difference (p = 0.105—day1;
p = 0.465—day2). When comparing both groups for the three days of the study, Group 1 consumed
higher quantities of FV than Group 2 for all the quartiles (p = 0.001). It is important to highlight that
percentiles demonstrate the data since we did not confirm normality assumptions.
Table 3. Fruit and vegetable intake by a group of students, consumers at the University Restaurant for
each evaluated day.
Group 1 Group 2
pP25 Median P75 P25 Median P75
g g g g g g
Weekend Day 1 0.0 100.0 196.0 0.0 76.0 180.0 0.465
Day 2 116.0 170.5 314.0 48.0 124.0 263.0 0.105
Day 3 207.0 370.0 626,00 44.0 173.0 353.0 0.000
There was a significant difference (chi-square) concerning the consumption proportion of FV
between the groups by sex only for Group 2 on Day 2 (p = 0.002) (Table 4). Considering the average
consumption of the two samples, on Day 3, only Group 1 achieved the recommendation of 400 g of FV.
The average consumption of fruits (144.59 g/day) of the entire sample (n = 173) was higher than the
consumption of vegetables (60.98 g/day).
Table 4. Percentage of students at the University Restaurant who consumed over four hundred grams
of fruits and vegetables.
Group 1 (n = 89)
p **
Group 2 (n = 94)
p **Male (n = 45) Female (n = 34) Male (n = 52) Female (n = 42)
n % n % n % n %
Day 1 * 4 8.9 4 11.8 0.677 6 11.5 7 16.7 0.476
Day 2 5 11.1 4 11.8 0.928 11 21.2 0 0 0.002
Day 3 20 44.4 16 47.1 0.818 6 11.5 4 9.5 0.754
* Weekend day (Sunday), when the feeding did not occur at the University Restaurant (UR). ** Chi-square test.
The percentage contribution of the UR to the daily consumption of FV is in Table 5. It reveals that
the contribution of the restaurant is significant, with 59.9% consumption by women of Group 1 on Day
2, and a higher contribution among men of Group 1 on Day 3, reaching 87.3%.
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Table 5. The contribution of the University Restaurant to the daily intake of fruits and vegetables by
sex and group of students.
Group 1 Group 2
Male (n = 45) Female (n = 33) Total Male (n = 32) Female (n = 42) Total
Fruits and vegetable intake—Day 2 70.0% 59.9% 64.9% 69.4% 74.1% 71.7%
Fruits and vegetable intake—Day 3 87.3% 81.5% 84.4% 73.9% 67.4% 70.6%
On Day 3, the UR’s menu offered more FV, as shown in Table 6. On this day, fruits were the
dessert during lunch, unlike Day 2, when the UR offered a sweet dessert. A larger watermelon portion
(350 g) for breakfast, and the offer of an apple (126 g) as a dessert for lunch, had a positive effect on
student’s consumption, presenting statistical differences between groups on this day.
Table 6. The qualitative offer of fruits and vegetables at the University Restaurant menu.
Day/Meal Salad 1 Salad 2 Garnish Dessert
Day 2 breakfast - - - Banana
Day 2 lunch Crisp lettuce Raw beet - Sweet guava pastes
Day 2 dinner Cucumber - Braised cabbage Pineapple
Day 3 breakfast - - - Watermelon
Day 3 lunch Chard Raw carrot - Apple
Day 3 dinner Crisp lettuce - Braised chayote Papaya
4. Discussion
Both groups are similar, which allows comparing data by sex. Groups presented lower percentage
of overweight (group 1–10.1%, group 2–12.8%) and obese (group 1–5.1%, group 2–3.2%) when
compared to the Brazilian population (50% of overweight; 12% of obesity) [22].
The average number of daily meals eaten by both groups is 3.58, which may be negatively
influencing the daily consumption of fruits. Brazilians tend to consume fruits mostly in the form of
snacks during breaks, and they are often encouraged by nutritionists to eat fruits at these hours as well.
In this study, the median of FV intake was higher in the days that the participants ate at the UR
than the median of FV intake on weekends for both groups. However, Group 1 consumption of FV on
weekends did not differ from Group 2, whereas Group 1 consumption of FV was higher than Group 2
in one of the days that the groups ate at the UR. The prevalence of FV intake reached 39% among men
on the day that the UR’s menu offered fruits as dessert for lunch and dinner. Therefore, it is essential
to highlight the importance of good menu planning and how the UR can positively contribute to the
students’ food choices. Since fruit portions are limited to students, this intake could be even higher at
the UR. However, vegetable intake was much lower, and students were free to serve themselves from
this group of food.
Several studies undertaken in different countries [5,8,13,14,23,24] showed a low prevalence of
regular consumption of FV by undergraduates. A recent study carried out at the University of Acre in
the northern region of Brazil with 863 students showed a prevalence of regular consumption of FV in
just 14% of the sample [24].
Among Turkish college students, the prevalence of inadequate intake of FV reaches 66.1% for
men and 63.1% for women. The eating habits of Greek students also proved to be particularly poor
regarding the consumption of FV and, consequently, 68.1% of men and 53.9% of women presented
a fiber consumption rate below RDA recommendations [14].
In this study, regarding only the women of Group 2, the higher the BMI, the lower the consumption
of FV, which did not favor weight loss in this group.
In another survey conducted in Brazil, only 24.9% of the subjects interviewed consumed adequate
amounts of FV [16]. In another study, undergraduate students with regular consumption of FV
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presented a mean BMI = 23.2 (SD = 4.0) and revealed inadequate consumption patterns of these
products [25].
In the present study, Day 3 showed the highest consumption of FV. The prevalence of adequacy of
FV consumption was of 23% among men and 31% among women in Group 1, and in Group 2, the rate
was 39% and 36% among men and women, respectively.
Therefore, the percentages found in this study are consistent with the results found in studies
undertaken internationally. Food choices during this stage of life can be a determining factor regarding
optimal health outcomes in the future and the appearance of Noncommunicable Chronic Diseases
(NCD) [25].
Students of Group 1 had a higher contribution from the UR in the daily intake of FV than on
the weekends, when meals occurred outside the UR. On Sunday, the consumption of FV was very
low and did not reach the recommendation level. Also, on the weekend, Group 1 consumption was
as low as Group 2, demonstrating how important the UR is for this population, since less healthy
and more convenient choices occur on weekends. It is noteworthy that, in Brazil, the consumption
of FV at home involves the steps of cleaning and sanitizing, which are tiring and may hinder the
options of undergraduate students for these foods. Furthermore, they are more perishable, and must
be consumed closer to the date of their acquisition. Besides, to consume FV on weekends, students
from Group 1 must pay for them. In the UR, they receive FV without expenses. Therefore, the Student
Assistance Program in Brazilian URs guarantees low-income students to have access to healthier
meals than the ones eaten out of the university. Probably, it is related to the cost and food access for
this group.
Since it is a low-income population, it is difficult for them to get important nutrients from FV in
other forms, like nutraceuticals. Studies have shown the role of nutrients from plants in decreasing
the incidence of cardiovascular problems, such as the research from Giordano et al. [26] studying
carotenoids in FV, and from Metzger et al. [27] studying pectin, polyphenols, and phytosterols in lipid
lowering. Scicchitano et al. [28] showed in their review that cardiovascular protection by nutraceuticals
needs more debate. However, studies show that nutrients in FV present important benefits for people’s
health, and they can be easily bought and consumed.
At the same time, we noted that by increasing exposure—i.e., the occurrence of FV in the UR
menu—there is an increment on consumption, yielding a positive relation concerning intake.
In a study performed in Brazil, nutrition education actions on FV consumption that combined
information and motivation were successful in impoverished environments [29]. The actions included
providing knowledge about the advantages of consuming FV to achieve good health and enhancing
the skills for its introduction in daily eating. It suggests that nutritional education programs would
positively impact the students participating in the PNAES (Group 1).
It is noteworthy that the highest consumption of FV on Day 3 is due mainly to a higher offer of
fruits and to the portion size of each of the fruits offered in the menu (banana—100 g; watermelon—
350 g; apple—126 g, guava jelly—25 g).
A limiting factor in fruit consumption at the UR relates to the fact that the UR serves portioned
fruits. This practice occurs because many users want to take a spare portion with them after leaving
the UR. In other cases, not limiting fruit consumption can affect availability, which can lead to the lack
of fruits for other students. One suggestion is that the UR improves the distribution of fruits during
the week so that students receive greater portions and for all days of the week.
Another limiting factor is the number of researched days. More days could increase to verify the
effect of the menu over FV consumption in both groups.
Considering that the consumption of fruits revealed to be higher than of vegetables, it is
necessary to understand the reasons for the low consumption of vegetables and direct actions towards
encouraging better food choices. Since it is a cross-sectional study, it has some limitations, which do
not allow causal judgments among the associations.
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Low confidence in food hygiene procedures may be one of the factors for the low consumption
of raw vegetables offered in the menu [8]. Providing information about food cleaning procedures,
implementing guided tours at the food area production, fostering the distribution of media newsletters,
and implementing local campaigns at the cafeteria are actions that can increase student’s confidence,
and thus, encourage consumption. People’s confidence is an important factor to improve good choices.
Marinangeli and Jones [30] also showed that consumers would consume more nutraceuticals or
functional foods if they can trust industrial procedures.
Nutrition education programs are essential for people to understand the importance of regular
consumption of FV. It is necessary that the intake does not happen only at the UR, but during other
meals and on weekends as well.
5. Conclusions
Based on the results, it is possible to affirm the great importance that the UR has over students’
food consumption. The fact that they spend most of their time at the university leaves them vulnerable
to eating whatever is offered. The Student Assistance actions in Brazil for Group 1 and the low price of
meals for Group 2 favor the presence of students and, therefore, requires that the UR becomes a place
that fosters the promotion of health and life quality, adopting healthy eating habits that lead to the
prevention of chronic diseases.
Students consume much lower amounts of FV than the ones recommended by the WHO, but on
the day that the UR served larger portions of fruits for breakfast and desserts were fruits, Group 1
showed a closer median of intake to recommendations. When individuals consume FV, fruits are the
largest portions, which demonstrate that vegetable consumption deserves greater incentive. Students
could serve themselves vegetables as much as they wanted, but the offer is not the only criteria to
encourage vegetable intake. Consumption was similar between male and female, and it was not related
to BMI.
Proper menu planning with daily offers of FV is essential. At the same time, promotion of
educational nutrition and healthy eating habits actions can help improving students’ food choices.
It was possible to verify that, on the day, if the FV offer was more significant at the UR, the consumption
was higher. The Student Assistance Program in Brazilian URs allows the low-income students to have
access to healthier meals than the ones eaten out of the university. This result highlights the importance
of the Food and Nutrition Policy developed by the universities through their URs.
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Abstract: We explored the association between excess body fat and academic performance in
high school students from Santiago, Chile. In 632 16-year-olds (51% males) from low-to-middle
socioeconomic status (SES), height, weight, and waist circumference were measured. Body-mass index
(BMI) and BMI for age and sex were calculated. Weight status was evaluated with 2007 World
Health Organization (WHO) references. Abdominal obesity was diagnosed with International
Diabetes Federation (IDF) references. Total fat mass (TFM) was measured with dual-energy X-ray
absorptiometry (DXA). TFM values ≥25% in males and ≥35% in females were considered high
adiposity. School grades were obtained from administrative records. Analysis of covariance examined
the association of fatness measures with academic performance, accounting for the effect of diet
and physical activity, and controlling SES background and educational confounders. We found
that: (1) having obesity, abdominal obesity, or high adiposity was associated with lower school
performance alone or in combination with unhealthy dietary habits or reduced time allocation for
exercise; (2) high adiposity and abdominal obesity were more clearly related with lower school grades
compared to obesity; (3) the association of increased fatness with lower school grades was more
salient in males compared to females.
Keywords: adiposity markers; obesity; fat mass; abdominal obesity; adolescent health; school performance
1. Introduction
Excess weight at a young age is associated with cardiometabolic disorders [1,2], reduced quality
of life [3], and the risk of obesity and its comorbidities in adulthood [4]. Biological, behavioural,
and environmental factors lead to excess weight gain and contribute to the rising prevalence of obesity
worldwide. National surveys measuring height and weight in individuals across Chile indicate that at
least one in three Chilean adolescents are either overweight or obese [5,6]. Of the OECD (Organisation
for Economic Cooperation and Development) countries, Chile ranks sixth in overweightness and
obesity among children aged 11–15 years [7].
National reports also indicate that excess weight and risk factors are more prevalent among
socially vulnerable groups [5,6,8,9]. According to these surveys, low-to-middle SES groups have
greater access to energy-dense diets and efforts to provide safe and convenient places for physical
activity, particularly for low-income populations, are still insufficient [9]. As a result, adolescents from
low-to-middle SES are at increased risk of being obese than their high-SES counterparts. Several studies
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show that SES has its most crucial impact on health during adolescence [10,11]. The so-called
‘adolescent-emergent model’ suggests that the SES–health relationship is weak in early childhood but
then strengthens with age, due to determinants such as peer influence, personality, and autonomous
decision-making [10–12]. For instance, physical activity is more strongly correlated with SES during
adolescence than earlier in childhood [11]. This model states that children begin to model the health
behaviours of their parents early in life, but as they grow older, the extent to which these behaviours
are internalized and pursued by the youth will be more influential to their health.
The cardiometabolic complications of childhood and adolescent obesity have been widely
explored; however, its impact on cognition and educational outcomes has recently received a lot
of scientific attention. Certain brain structures continue to develop throughout adolescence; therefore,
whether obesity impacts the adolescent brain is highly relevant. Frontal and temporal lobe
abnormalities as well as reduced hippocampal volume were found in obese adolescents [13]. Both the
prefrontal cortex (PFC) and the hippocampus play pivotal roles in the cognitive abilities (i.e., learning,
memory, and cognitive control) that are needed to perform well in school [14]. Also, obesity in
youths is associated with poorer executive functioning skills, such as inhibitory control and working
memory, which are critical for academic achievement [15]. Furthermore, obesity-associated biomarkers,
including gut hormones (i.e., ghrelin, GLP-1), adipokines (i.e., leptin), and proinflammatory cytokines
(i.e., TNF-α, CRP), have been linked with cognition and memory [15]. Abnormally high leptin
levels, which are largely related to adiposity, limit the potential for synaptic plasticity and trafficking of
neurotransmitter receptors in the hippocampus and might be responsible for some memory deficits [16].
In adolescents, hyperleptinemia was associated with lower academic performance in high school [17]
and on tests for college admission [18].
Because paediatric obesity has been related to specific outcomes that are relevant for children’s
educational attainment, some authors have examined the association of weight status with academic
attainment as measured by school grades and standardised test scores. A negative, significant
association was reported for adolescent students in Finland [19], Iceland [20], Iran [21], Portugal [22],
South Korea [23], the U.S. [24,25], and the United Kingdom [26].
Most studies addressing the academic implications of adolescent obesity rely on body-mass
index (BMI) as the sole measure. With some exceptions [23,26,27], very few studies have used other
measures of adiposity, despite evidence that fat tissue is metabolically active and produces proteins
and inflammatory markers associated with learning, memory, and general cognitive function [15,28].
Furthermore, systematic reviews suggest that existing studies are not representative of developing
countries [29,30], where overweight and obesity are steadily increasing in children and youths. A focus
on academics might have important preventive implications as academic outcomes are linked to
expectations of better college opportunities and future job status and income. In this study, we explored
the association between excess body fat and academic performance in Chilean high school students.
This paper aimed to explore the association between excess body fat and academic performance in
high school students from Santiago, Chile. Because Chilean adolescents of low-to-middle SES are at
greater risk of excessive weight gain, and because the SES effects on health status would be stronger
in years where the child is making conscious decisions about physical activity and healthy eating,
we concentrated on adolescents from low-to-middle socioeconomic backgrounds. We hypothesised
that adolescents with obesity, abdominal obesity, or high adiposity would have lower school grades
and lower grade-point average (GPA).
2. Materials and Methods
2.1. Study Design and Participants
This was a cross-sectional study within an infancy cohort. The sample was made up of
16–17-year-old adolescents living in Santiago, Chile, from low-to-middle SES. Participants were
recruited at 4 months from public healthcare facilities in the southeast area of Santiago (n = 1791).
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They were born at term of uncomplicated vaginal births, weighed >3.0 kg, and were free of acute
or chronic health problems. At 6 months, infants free of iron deficiency anemia (n = 1657) were
randomly assigned to receive iron supplementation or no added iron (ages 6–12 months). They were
assessed for developmental outcomes in infancy and at 5, 10, and 15 years [31]. At 16–17 years, those
with complete data in each wave (n = 679) were also assessed for obesity risk and the presence of
cardiovascular risk factors in a half-day evaluation that included assessment of dietary habits and
nutritional content of food intake. Of them, n = 632 (93%) entered high school and were eligible for
this study. Ethical approval was obtained by the institutional review boards of the University of
Michigan, Institute of Nutrition and Food Technology (INTA), University of Chile, and the University
of California, San Diego. Participants and their primary caregiver provided informed and written
consent, according to the norms for Human Experimentation, Code of Ethics of the World Medical
Association (Declaration of Helsinki, 1995).
2.2. Measurements
2.2.1. School Grades
School grades in high school (9th to 12th) and final grade-point average (GPA) were collected
from administrative records of the Ministry of Education (Chile). Since schools may have differed in
grading policies, grades (on a scale of 1–7) were transformed into scores (range of 210–825), following
the Ministry of Education criteria. The arithmetic average of each subject taken during each academic
year was calculated and the result was compared in the conversion table provided by the Department
of Assessment, Measurement and Educational Record, University of Chile, which complies with
specifications on behalf of the Ministry of Education. The same procedure was used to convert the
GPA into a score. Both school grades and GPA were used as continuous variables.
2.2.2. Anthropometric Assessment and Definitions
A physician used standardized procedures to measure the adolescent’s height (cm) to the nearest
0.1 cm, using a Holtain stadiometer, and weight (kg) to the nearest 0.1 kg, using a scale (Seca 703,
Seca GmbH & co. Hamburg, Germany). Waist circumference (WC) was measured with nonelastic
flexible tape and recorded to 0.1 cm (Seca 201, Seca GmbH & co. Hamburg, Germany). Measurements
were taken twice, with a third measurement if the difference between the first two exceeded 0.3 kg for
weight, 0.5 cm for height, and 1.0 cm for WC. BMI and BMI for age and sex (BMIz) were calculated.
Weight status was evaluated according to WHO references: normal weight (BMIz from −1 to 1
SD); excess weight (BMIz > 1 SD). Abdominal obesity was defined as WC ≥ 90 cm for males and
≥80 cm for females, according to the International Diabetes Federation (IDF). Total fat mass (TFM) was
determined via dual-energy X-ray absorptiometry (DXA) (apparatus: Lunar Prodigy Corp. Software:
Lunar iDXA ENCORE 2011, Version 13.60.033, Madison, WI, USA.). Because there is no generally
accepted definition of obesity based on TFM, we used cutoffs by Taylor et al.: values ≥25% in males
and ≥35% in females were considered high adiposity [32].
2.2.3. Dietary Assessment at Age 16 Years
Nutritional quality of diet was measured considering the amount of saturated fats and sugars in
the foods consumed during breakfast, lunch, dinner, snacks at school, and snacks at home within the
past three months. Assessment was performed with a food frequency questionnaire (FFQ), validated
using three 24-h recalls to include weekends (Spearman’s rank correlation coefficient between the
FFQ and the 24-hour dietary recalls exceed 0.35 in two-thirds of the food items, and all correlation
coefficients were significant) [33,34]. A list of 120 foods and beverages was used. The frequency of food
consumption was assessed by a multiple response grid; respondents were asked to estimate how often
a particular food or beverage was consumed. Categories ranged from ‘never’ to ‘five or more times
a week’. The electronic version of the Chilean Food Composition Tables/Database was used to assess
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the quality of the foods’ composition [35]. Food items were classified as high in saturated fats and
sugars, high in sugars although low in saturated fats, and nutrient-rich foods. We assigned adjustment
weights to each food item conditioned to its nutritional quality. A continuous score ranging from 0–10
was computed by adjusting the frequency of food consumption to the nutritional quality, with higher
scores representing healthier dietary habits. We applied quartile cutoffs for the Chilean adolescent
population (comprising students of high-, middle-, and low-SES) to classify the nutritional quality of
the overall diet of participants into three groups: unhealthy (≤4.3 or ≤25th percentile), fair (from 4.4
to 5.9 or >25th percentile and <75th percentile), and healthy (≥6.0 or ≥75th percentile) [33].
2.2.4. Physical Activity at Age 16 Years
We approached physical activity (PA) with scheduled, repetitive, and planned PA, accounting for
the number of weekly hours devoted to physical education (PE) and extracurricular sports. To measure
this, we used a questionnaire that was validated in a previous study using accelerometry-based activity
monitors in both elementary and high school children [36]. The questionnaire was administered by
a researcher to all students at the time they attended the anthropometric examination. Participants were
asked: (1) On average, over the past week, how often did you engage in PE and extracurricular sports?
(2) On those days, on average, how long did you engage in such activities? With this information,
we estimated the average hours per week of scheduled PA. Participants having ≤90 minutes of weekly
scheduled PA, which is the mandatory time for school-based PE in Chile, were considered to be
physically inactive.
2.2.5. Socioeconomic Background
The present study used family structure and parental education level as proxies of SES. Parental
education is an important predictor of children’s educational outcomes [37]. In infancy, participants’
parents reported the highest schooling level they have been enrolled in, and also the highest grade
they completed at that level. Five hierarchic levels were defined: (1) no education completed, (2) first
level (primary school), (3) secondary level (first phase or 9th–10th), (4) secondary level (second phase
or 11th–12th), and (5) post-secondary nontertiary educations [38]. Then, we merged these categories
into two: incomplete secondary education (1 + 2 + 3), and complete secondary education or higher
(4 + 5). Also, because a relationship between children’s educational outcomes and family structure has
been described [39], we included a variable denoting whether the participant was raised in a fatherless
family. This information was reported by the participant’s mother or legal guardian. Last, to control for
potential design biases, we used a categorical variable denoting whether the participant had received
iron supplementation or no added iron at 6–12 months.
2.2.6. Type of Secondary Education
In Chile, secondary education includes academic high schools, which provide theoretical
education in languages, mathematics, history, and sciences; vocational training schools; and adult
schools. Data on the type of secondary education attended by participants was retrieved from publicly
available records at the Ministry of Education.
2.2.7. Iron Supplementation in Infancy
Aiming to control for potential design biases, we used a categorical variable denoting whether
the participant had received iron supplementation or no added iron at 6–12 months.
2.3. Statistical Analysis
Student’s t-test and chi-squared test were used for comparison of continuous and categorical
variables, respectively, in male and female participants. Due to sex differences in fatness and academic
attainment, we ran separate analyses for male and female participants. To examine the association of
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excess weight, abdominal obesity, and high adiposity (exposure) with school performance (outcome),
we conducted analysis of covariance (ANCOVA). Each fatness measure was tested against school
grades (9th to 12th) and overall GPA using two models. Model 1 was unadjusted. Model 2 added
parental education, family structure, age at high school completion, type of secondary education
(vocational and adult school), and a variable denoting iron supplementation in infancy (no added
iron at 6–12 months). Because diet and physical activity have been found to be associated with
academic achievement in studies conducted in Chile [40–42], all models included interactions of
fatness measures with diet as well as interactions of fatness with time allocation for PA. Last, the effect
size (ES) for difference was estimated using Cohen’s d coefficients. Data were analyzed using Stata for
Windows version 15.0 (Lakeway Drive College Station, TX, US). A p value of 0.05 was used to test for
statistical significance.
3. Results
3.1. Description of the Sample
Of the adolescents (n = 679) who participated in a prior obesity/cardiovascular study, 632 (93%)
entered high school and were included in the present study. A comparison of the participants included
in and excluded from this study is shown in the Supplementary Materials (Table S1). The final sample
was comprised of adolescents (51% males) with an average age of 16.8 years (SD: 0.3). These adolescents
completed high school at an average age of 18.5 years (SD: 0.8). Thirty-eight percent had excess weight,
32.6% had abdominal obesity, and 44.3% had high adiposity (Table 1). Forty percent of adolescents
came from a fatherless home, and one-third had a mother with incomplete secondary education. As for
participants’ lifestyles, 21% were regarded as having an unhealthy diet, while 58% were considered to
be physically inactive. Last, 51% of our participants attended a vocational high school.
Table 1. Descriptive statistics of male and female participants in the sample (n = 632).
Total (n = 632) Males (n = 330) Females (n = 302)
p Value *
Mean or n (SD) or % Mean or n (SD) or % Mean or n (SD) or %
Chronological age
Age at assessment (year) 16.8 (0.3) 16.8 (0.3) 16.8 (0.2) NS
Age at high school completion 18.5 (0.8) 18.5 (0.9) 18.4 (0.8) NS
Anthropometrics
Body-Mass Index (z score) 0.64 (1.2) 0.56 (1.2) 0.72 (1.1) NS
Total Fat Mass (%) 29.0 (10.7) 22.3 (8.7) 36.2 (7.2) <0.001
Waist circumference (cm) 81.9 (11.1) 80.9 (10.5) 81.1 (11.7) NS
Obesity 86 13.6% 42 12.7% 44 14.6% NS
Abdominal obesity 206 32.6% 61 18.5% 145 70.4% <0.001 ‡
High adiposity 280 44.3% 115 34.7% 165 55.1% <0.001 ‡
School grades §
9th (n = 632) 464.5 (99.6) 453.7 (95.6) 476.2 (100.1) 0.008
10th (n = 615) 468.5 (98.5) 457.7 (90.9) 480.1 (100.5) 0.011
11th (n = 576) 482.8 (95.9) 464.1 (90.1) 502.1 (102.2) <0.001
12th (n = 571) 494.2 (98.4) 475.7 (89.9) 513.1 (103.1) <0.001
Grade-Point Average (n = 571) 481.1 (92.3) 466.3 (82.7) 496.3 (98.8) <0.001
Socioeconomic background
Mother with incomplete HS 212 33.5% 114 32.5% 98 34.5% NS ‡
Father with incomplete HS 176 27.9% 74 22.4% 102 33.8% 0.001 ‡
Fatherless family 250 39.6% 131 39.7% 119 39.4% NS ‡
Lifestyles
Unhealthy diet 132 20.9% 66 20.0% 66 21.9% NS ‡
Physically inactive 367 58.1% 147 44.6% 220 72.9% <0.001 ‡
Type of secondary education
Academic 179 28.3% 85 25.8% 94 31.1% NS ‡
Vocational 330 52.2% 176 53.3% 154 51.0%
Adult 123 19.5% 69 20.9% 54 17.8%
Fe supplementation (6–12 months)
No added Fe 269 42.6% 148 44.5% 121 40.1% NS ‡
* Two-tailed Student’s t-test was used for independent samples, except as indicated. ‡ Pearson’s chi-squared test.
§ School grades expressed as standardized score (scale 210–825), according to the Ministry of Education (Chile).
Obesity: BMIz score >2 SD. Abdominal obesity: Waist Circumference ≥90 cm (males) or ≥80 cm (females). High
adiposity: Total Fat Mass ≥25% (males) or ≥35% (females). Abbreviations: NS: not significant. HS: high school.
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After controlling for sex, we found that female adolescents had better school performance than
males (p < 0.001). While the prevalence of obesity was similar in both groups, the prevalence of
abdominal obesity (p < 0.001) and high adiposity (p < 0.001) was significantly higher in females.
As for SES background, we found that females were more likely to have a father with incomplete
higher education (p < 0.001). They were also more likely to be physically inactive compared to males
(p < 0.001), although no differences were observed in relation to diet quality.
3.2. Relationship of Increased Adiposity with Academic Attainment, Accounting for the Effect of Diet Quality
When we explored the association of fatness with school grades, accounting for the effect of
diet quality, we observed that in both males and females, the greatest losses in school attainment
were related to the combined effect of increased fatness and poor diet quality. In a first analysis,
where fatness was approached with obesity (Table 2), the combined effect of obesity and unhealthy
dietary habits was associated with lower school grades across high school (grades 9th to 12th and
overall GPA) in both sexes. The ES for the difference in males indicates that the combined effect of
obesity and poor diet quality was moderate to large (Cohen’s d ranging from 0.51 to 0.67) in males,
whereas in females, the effect was moderate (Cohen’s d ranging from 0.33 to 0.45). In males who had
a fair-to-healthy diet, but still were obese, obesity was related to lower school attainment across high school,
whereas in females who had a fair-to-healthy diet, but still were obese, obesity was associated with lower
school performance only in grades 11 and 12. As for the effect of diet quality in nonobese adolescents,
we observed that in males, a poor diet quality was related to lower school attainment in grades 11 and
12. A lower GPA was also observed in nonobese males who had unhealthy diets. In nonobese females,
unhealthy dietary habits were associated with lower school performance only in grade 11.
Table 2. Analysis of covariance (ANCOVA) measuring the effect of obesity and diet quality on school
grades in male and female adolescents.
MALE PARTICIPANTS
Obesity (−) Obesity (+)
Fair–to–Healthy Diet § Unhealthy Diet Fair–to–Healthy Diet § Unhealthy Diet
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 462.1 *** 6.2 −23.1 ‡ 8.2 0.27 −39.6 * 19.6 0.49 −62.5 * 21.4 0.74
10th (n = 318) 464.8 *** 7.4 −21.9 ‡ 6.6 0.25 −39.4 * 18.1 0.43 −75.6 * 28.2 0.70
11th (n = 292) 474.9 *** 6.6 −23.4 * 7.0 0.29 −47.8 * 16.3 0.59 −77.2 ** 25.7 0.85
12th (n = 288) 485.0 *** 6.7 −25.9 ** 4.2 0.32 −42.4 * 19.6 0.52 −56.2 ** 15.9 0.77
HS–GPA (n = 288) 475.8 *** 5.5 −24.9 * 6.9 0.30 −42.7 * 17.3 0.62 −58.4 ** 16.4 0.85
Model 2 b
9th (n = 330) 466.9 *** 9.2 −22.9 ‡ 9.2 0.25 −35.6 * 15.3 0.32 −67.5 * 23.9 0.58
10th (n = 318) 474.9 *** 9.7 −23.1 ‡ 9.6 0.24 −37.7 * 13.1 0.34 −77.9 * 28.2 0.67
11th (n = 292) 475.6 *** 10.6 −25.9 * 8.9 0.32 −49.1 * 16.3 0.44 −78.6 ** 26.7 0.66
12th (n = 288) 488.2 *** 9.7 −25.9 * 8.2 0.33 −42.4 * 17.6 0.40 −57.2 ** 19.3 0.51
HS–GPA (n = 288) 480.5 *** 9.3 −25.2 * 8.7 0.33 −43.1 * 17.1 0.42 −61.4 ** 19.1 0.53
FEMALE PARTICIPANTS
Obesity (−) Obesity (+)
Fair–to–Healthy Diet § Unhealthy Diet Fair–to–Healthy Diet § Unhealthy Diet
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 485.9 *** 7.2 −19.8 12.2 0.15 −33.1 21.8 0.26 −50.3 * 22.4 0.57
10th (n = 318) 492.0 *** 9.1 −21.4 11.6 0.18 −35.2 20.5 0.26 −49.0 * 26.9 0.55
11th (n = 284) 513.5 *** 6.7 −26.6 * 8.8 0.33 −38.8 * 19.1 0.37 −50.4 ** 19.1 0.60
12th (n = 281) 528.4 *** 8.1 −19.7 ‡ 9.9 0.25 −41.4 * 19.6 0.36 −59.6 ** 19.7 0.53
HS–GPA (n = 281) 507.6 *** 7.1 −24.1 * 10.9 0.30 −39.9 * 21.6 0.38 −51.5 * 18.4 0.43
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Model 2 b
9th (n = 330) 485.9 *** 10.2 −20.5 12.2 0.15 −33.1 22.8 0.23 −56.3 * 18.0 0.45
10th (n = 318) 492.0 *** 9.7 −24.9 ‡ 12.1 0.17 −37.9 22.5 0.25 −41.0 * 16.9 0.33
11th (n = 284) 508.2 ** 8.8 −29.6 * 9.5 0.30 −41.1 * 19.0 0.37 −55.9 * 17.1 0.40
12th (n = 281) 518.5 *** 10.3 −28.1 10.2 0.15 −44.4 * 19.7 0.37 −59.6 * 18.7 0.42
HS–GPA (n = 281) 507.6 *** 10.9 −25.7 10.8 0.19 −35.9 22.6 0.26 −52.0 * 15.4 0.38
Obesity (+): BMIz > 2 SD for age and sex. School grades expressed as standardized score (scale 210–825), according
to the Ministry of Education (Chile). a Model 1 is unadjusted. b Model 2 is adjusted for SES (parental education,
family structure), type of secondary education, and iron supplementation in infancy. § Participants with obesity
(−) (BMIz score < 2 SD) and a fair-to-healthy diet are the reference group. Coefficients are the mean difference
between a given category and the reference group. ‡ Trend towards significance (p < 0.10). * p < 0.05; ** p < 0.01;
*** p < 0.001. Cohen’s d statistics were estimated accounting for different sample sizes. Abbreviation: HS–GPA: high
school grade–point average.
When the exposure was abdominal obesity instead of obesity, we found that the combined effect
of fatness and unhealthy dietary habits on school grades was large in males (d values ranging from 0.69
to 0.74) and moderate-to-large females (d values ranging from 0.51 to 0.69) (Table 3). In participants
having fair-to-healthy dietary habits, but still having abdominal obesity, fatness was associated with
lower school grades and lower GPA compared to peers without abdominal obesity and fair-to-heathy
diets. In both males and females, abdominal obesity had a moderate effect on school grades, as d
coefficients ranged from 0.33 to 0.42 and 0.33 to 0.40 in males and females, respectively. In this
model, unhealthy dietary habits in participants without abdominal obesity was related to lower school
attainment in males and females, but the association was significant only in grades 10 and 12 for males,
grade 11 for females, and GPA for both groups. The ES for the difference indicates a small effect of diet
alone on school grades.
Table 3. Analysis of covariance (ANCOVA) measuring the effect of abdominal obesity and diet quality
on school grades in male and female adolescents.
MALE PARTICIPANTS
Abdominal Obesity (−) Abdominal Obesity (+)
Fair–to–Healthy Diet § Unhealthy Diet Fair–to–Healthy Diet § Unhealthy Diet
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 465.4 *** 6.6 −25.6 ‡ 15.2 0.27 −43.6 * 13.8 0.41 −87.7 ** 19.4 0.73
10th (n = 318) 468.5 *** 6.4 −32.9 * 11.7 0.41 −49.9 * 12.7 0.40 −88.9 ** 18.2 0.73
11th (n = 292) 476.2 *** 6.6 −26.4 * 12.9 0.34 −52.4 * 11.0 0.53 −87.2 ** 18.7 0.74
12th (n = 288) 485.5 *** 7.7 −28.5 * 12.5 0.36 −50.8 * 11.6 0.50 −86.4 ** 19.1 0.73
HS–GPA (n = 288) 478.0 *** 5.7 −29.5 * 13.5 0.37 −54.3 * 13.3 0.58 −82.9 ** 19.4 0.69
Model 2 b
9th (n = 330) 460.0 *** 9.6 −25.6 13.2 0.19 −44.1 * 18.8 0.39 −89.0 ** 21.4 0.69
10th (n = 318) 478.0 *** 9.4 −33.5 * 12.7 0.37 −47.4 * 16.7 0.43 −88.9 ** 22.2 0.69
11th (n = 292) 476.5 *** 9.6 −31.4 * 13.9 0.37 −50.4 * 15.0 0.41 −89.2 ** 19.9 0.69
12th (n = 288) 488.1 *** 10.7 −30.5 16.5 0.21 −48.1 * 18.6 0.39 −87.7 ** 19.1 0.67
HS–GPA (n = 288) 482.2 *** 9.3 −33.5 * 12.5 0.37 −53.9 * 13.9 0.45 −83.9 ** 20.1 0.64
FEMALE PARTICIPANTS
Abdominal Obesity (−) Abdominal Obesity (+)
Fair–to–Healthy Diet § Unhealthy Diet Fair–to–HealthyDiet § Unhealthy Diet
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 505.5 *** 9.7 −32.8 * 12.2 0.30 −47.1 ** 15.8 0.36 −74.0 *** 19.6 0.55
10th (n = 318) 503.5 *** 10.3 −36.2 ‡ 15.7 0.24 −49.6 * 17.9 0.33 −69.8 *** 18.8 0.59
11th (n = 284) 532.1 *** 10.1 −31.4 ‡ 14.6 0.27 −56.2 * 18.5 0.40 −88.0 *** 18.9 0.75
12th (n = 281) 545.5 *** 9.7 −32.6 * 12.8 0.37 −48.8 * 18.1 0.34 −91.4 *** 19.1 0.76
HS–GPA (n = 281) 525.0 *** 9.8 −36.9 ** 11.2 0.38 −58.6 ** 13.2 0.42 −84.6 *** 19.2 0.68
129
Nutrients 2018, 10, 1133
Table 3. Cont.
Model 2 b
9th (n = 330) 512.7 *** 12.7 −35.8 ‡ 15.0 0.27 −49.1 * 18.8 0.33 −70.0 *** 21.6 0.51
10th (n = 318) 504.5 *** 12.5 −36.0 19.7 0.19 −51.4 * 20.9 0.33 −73.8 *** 21.9 0.52
11th (n = 284) 528.1 *** 12.1 −35.4 ‡ 18.6 0.25 −58.0 * 20.5 0.39 −90.3 *** 21.9 0.69
12th (n = 281) 538.9 *** 11.7 −37.6 * 18.8 0.32 −50.3 * 19.6 0.34 −91.4 *** 20.1 0.69
HS–GPA (n = 281) 520.2 *** 11.8 −38.1 * 14.2 0.35 −60.6 ** 17.2 0.40 −87.0 *** 21.2 0.64
Abdominal obesity (+): waist circumference ≥90 cm in males and ≥80 cm in females. School grades expressed
as standardized score (scale 210–825), according to the Ministry of Education (Chile). a Model 1 is unadjusted.
b Model 2 is adjusted for socioeconomic background (parental education, family structure), type of secondary
education, age of high school completion, and iron supplementation in infancy. § Participants with abdominal
obesity (−) and a fair-to-healthy diet are the reference group. Coefficients are the mean difference between a given
category and the reference group. ‡ Trend towards significance (p < 0.10). * p < 0.05; ** p < 0.01; *** p < 0.001.
Cohen’s d statistics were estimated accounting for different sample sizes. Abbreviations: HS–GPA: high school
grade–point average.
In a third model, where fatness was measured with total fat mass percentage, we found that the
combined effect of high adiposity and unhealthy dietary habits was associated with lower school
performance in both sexes (Table 4). Cohen’s d coefficients indicate that the combined impact of diet
and fatness on school grades was moderate in females and moderate to large in males. In males
with high adiposity, although having fair-to-healthy dietary habits, we also observed lower school
grades compared to males without high adiposity, although having fair-to-healthy diets. The ES for
difference ranged from 0.36 to 0.39, denoting a moderate effect of high adiposity on school grades in
males who had fair-to-healthy diets. In females with high adiposity, on the other hand, we only found
a significant association of fatness with school attainment in grade 12 and GPA and a trend towards
a lower school attainment in grade 11. As for the effect of unhealthy dietary habits in participants with
normal adiposity, again, the association was more salient in males than in females. Males with normal
adiposity and unhealthy diets significantly underperformed compared to males with normal adiposity
and fair-to-healthy diets in the 10th, 11th, and 12th grades and in terms of GPA, whereas females with
normal adiposity and unhealthy diets significantly underperformed compared to peers with normal
adiposity and fair-to-healthy diets only in the 12th grade and in terms of GPA.
Table 4. Analysis of covariance (ANCOVA) measuring the effect of high adiposity and diet quality on
school grades in male and female adolescents.
MALE PARTICIPANTS
High Adiposity (−) High Adiposity (+)
Fair–to–Healthy Diet § Unhealthy Diet Fair–to–Healthy Diet § Unhealthy Diet
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 462.4 *** 7.2 −29.9 * 9.2 0.35 −39.6 * 13.0 0.39 −65.7 ** 22.4 0.61
10th (n = 318) 464.0 *** 6.4 −33.9 ** 8.6 0.39 −46.7 * 12.7 0.41 −65.9 ** 21.2 0.62
11th (n = 292) 467.8 *** 6.6 −34.4 ** 9.9 0.39 −54.3 * 14.0 0.52 −77.2 ** 23.7 0.64
12th (n = 288) 481.3 *** 7.7 −33.5 ** 9.7 0.38 −52.3 ** 11.6 0.51 −76.4 ** 24.1 0.69
HS–GPA (n = 288) 473.0 *** 7.5 −33.9 * 10.9 0.37 −56.3 ** 12.3 0.56 −72.9 ** 20.4 0.68
Model 2 b
9th (n = 330) 466.9 *** 11.2 −25.9 ‡ 14.2 0.27 −40.1 * 16.0 0.36 −66.8 ** 23.4 0.58
10th (n = 318) 474.7 *** 7.4 −29.0 * 13.0 0.33 −43.7 * 16.7 0.36 −67.1 ** 23.2 0.56
11th (n = 292) 469.6 *** 8.6 −31.8 * 12.9 0.33 −50.0 * 17.9 0.39 −72.2 ** 23.7 0.58
12th (n = 288) 481.3 *** 7.7 −29.9 * 12.7 0.33 −47.9 ** 17.6 0.39 −74.4 ** 24.1 0.62
HS–GPA (n = 288) 478.4 *** 8.5 −30.1 * 12.9 0.30 −49.3 ** 17.3 0.39 −75.9 ** 21.4 0.65
FEMALE PARTICIPANTS
High Adiposity (−) High Adiposity (+)
Fair-to-Healthy Diet § Unhealthy Diet Fair-to-Healthy § Unhealthy Diet
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 501.9 *** 10.2 −39.2 * 13.2 0.40 −41.7 * 18.8 0.38 −61.3 * 19.4 0.45
10th (n = 318) 503.5 *** 11.1 −31.4 * 14.6 0.30 −40.6 * 16.5 0.39 −68.0 ** 18.9 0.48
11th (n = 284) 530.4 *** 11.3 −32.0 * 13.8 0.32 −47.8 * 16.1 0.46 −72.4 ** 18.1 0.49
12th (n = 281) 544.4 *** 11.4 −35.9 * 14.3 0.35 −52.4 * 18.6 0.50 −79.6 ** 19.7 0.56
HS–GPA (n = 281) 524.3 *** 10.7 −37.0 ** 13.2 0.39 −58.5 * 18.6 0.58 −64.6 ** 19.4 0.52
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Model 2 b
9th (n = 330) 509.6 *** 11.2 −30.0 18.2 0.22 −31.7 24.9 0.22 −64.0 * 22.4 0.45
10th (n = 318) 503.5 *** 12.5 −29.4 17.6 0.23 −32.6 25.5 0.22 −72.1 ** 21.9 0.48
11th (n = 284) 526.8 *** 12.3 −28.0 17.8 0.24 −36.8 ‡ 25.1 0.27 −73.1 ** 22.1 0.47
12th (n = 281) 537.9 *** 12.4 −36.9 * 16.9 0.30 −52.4* 23.6 0.41 −78.0 ** 22.7 0.50
HS–GPA (n = 281) 521.3 *** 12.7 −35.0 * 16.2 0.30 −55.5* 22.6 0.45 −67.0 ** 23.7 0.43
High adiposity (+): Total Fat Mass ≥25% in males and ≥35% in females. School grades expressed as standardized
score (scale 210–825), according to the Ministry of Education (Chile). a Model 1 is unadjusted. b Model 2 is adjusted
for SES (parental education, family structure), type of secondary education, and iron supplementation in infancy.
§ Participants with high adiposity (−) and a fair-to-healthy diet are the reference group. Coefficients are the mean
difference between a given category and the reference group. ‡ Trend towards significance (p < 0.10). * p < 0.05;
** p < 0.01; *** p < 0.001. Cohen’s d statistics were estimated accounting for different sample sizes. Abbreviations:
HS–GPA: high school grade–point average.
3.3. Relationship of High Adiposity with Academic Attainment, Accounting for the Effect of Physical Activity
When we explored the association of fatness with school grades, accounting for the effect of
PA on the academic outcome, we observed that in both males and females, the greatest losses in
school attainment were related to the combined effect of increased fatness and physical inactivity.
When fatness was approached with obesity (Table 5), the combined effect of obesity and reduced time
allocation for exercise was associated with lower school grades across high school (grades 9 to 12
and overall GPA) in both sexes. The ES for difference in males indicates that the combined effect of
obesity and physical inactivity was large, whereas in females, the effect was moderate. In males who
devoted >90 min/week to exercise, obesity was related to lower school attainment across high school.
In females who devoted >90 min/week to exercise, on the other hand, obesity was associated with
lower school performance only in grade 12 and overall GPA. As for the effect of exercise in nonobese
adolescents, we observed that in both sexes, a reduced time allocation for exercise was related to
lower school performance, with the exception of grade 9. Nonobese males and females who were
physically inactive significantly underperformed compared to nonobese peers who were physically
active. In both groups, however, the ES for difference indicates that the effect of reduced time allocation
for exercise on school grades was small (d < 0.30).
Table 5. Analysis of covariance (ANCOVA) measuring the effect of obesity and time allocation for
exercise on school grades in male and female adolescents.
MALE PARTICIPANTS
Obesity (−) Obesity (+)
Physically Active § Physically Inactive Physically Active § Physically Inactive
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 454.2 *** 7.2 −17.5 * 5.2 0.22 −26.4 * 10.6 0.41 −44.5 ** 14.4 0.47
10th (n = 318) 469.0 *** 7.4 −20.6 * 5.6 0.22 −26.9 * 11.1 0.33 −36.0 * 13.2 0.40
11th (n = 292) 458.4 *** 7.5 −21.4 * 5.6 0.26 −20.8 11.1 0.27 −46.2 ** 14.1 0.56
12th (n = 288) 470.4 *** 6.7 −21.1 * 5.2 0.29 −28.4 * 11.6 0.41 −42.6 * 14.7 0.41
HS-GPA (n = 288) 463.6 *** 6.5 −21.9 * 4.9 0.30 −21.9 10.6 0.30 −47.2 ** 15.4 0.50
Model 2 b
9th (n = 330) 459.9 *** 8.6 −18.2 6.6 0.18 −28.1 * 13.1 0.30 −47.9 ** 16.6 0.50
10th (n = 318) 466.0 *** 9.0 −22.1 * 7.4 0.20 −27.3 * 12.5 0.30 −44.7 ** 16.1 0.47
11th (n = 292) 459.6 *** 8.5 −20.4 * 7.7 0.20 −24.1 * 11.8 0.28 −46.1 ** 16.7 0.49
12th (n = 288) 468.4 *** 6.7 −21.9 * 6.3 0.28 −27.4 * 12.8 0.34 −45.6 * 17.8 0.51
HS-GPA (n = 288) 467.5 *** 7.8 −19.5 * 6.2 0.24 −28.4 * 12.6 0.30 −44.5 * 16.4 0.47
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FEMALE PARTICIPANTS
Obesity (−) Obesity (+)
Physically Active § Physically Inactive Physically Active § Physically Inactive
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 473.4 *** 7.7 −18.1 * 5.3 0.22 −21.5 12.8 0.19 −48.7 ** 14.4 0.58
10th (n = 318) 478.7 *** 7.6 −16.4 * 5.6 0.21 −22.7 12.0 0.19 −43.0 ** 16.9 0.53
11th (n = 284) 458.4 *** 7.5 −17.3 * 5.6 0.21 −22.8 * 10.1 0.24 −40.4 ** 13.1 0.43
12th (n = 281) 514.0 *** 6.7 −18.2 * 4.2 0.24 −23.8 * 10.6 0.28 −45.6 ** 13.7 0.50
HS-GPA (n = 281) 494.9 *** 6.5 −20.5 * 4.9 0.24 −28.4 * 11.6 0.32 −47.6 ** 14.4 0.57
Model 2 b
9th (n = 330) 480.0 *** 9.2 −17.1 5.3 0.17 −17.7 13.8 0.17 −45.7 * 17.4 0.41
10th (n = 318) 485.3 *** 9.4 −19.4 * 5.6 0.21 −20.1 13.5 0.18 −41.5 * 16.9 0.33
11th (n = 284) 504.8 *** 9.5 −18.3 * 4.7 0.21 −20.8 12.0 0.18 −44.4 ** 16.4 0.36
12th (n = 281) 520.4 *** 9.7 −20.7 * 5.3 0.20 −29.4 * 12.5 0.27 −44.9 * 18.2 0.35
HS-GPA (n = 281) 501.5 *** 8.5 −19.1 * 4.9 0.20 −30.4 * 13.6 0.29 −44.6 * 17.6 0.40
Obesity (+): BMIz > 2 SD for age and sex. School grades expressed as standardized score (scale 210–825), according
to the Ministry of Education (Chile). a Model 1 is unadjusted. b Model 2 is adjusted for SES (parental education,
family structure), type of secondary education, and iron supplementation in infancy. § Participants with obesity (−)
(BMIz score < 2 SD) and a fair-to-healthy diet are the reference group. Coefficients are the mean difference between
a given category and the reference group. ‡ Trend towards significance (p < 0.10). * p < 0.05; ** p < 0.01; *** p < 0.001.
Cohen’s d statistics were estimated accounting for different sample sizes. Abbreviations: HS–GPA: high school
grade–point average.
When the exposure was abdominal obesity instead of obesity, we found that the combined effect
of fatness and physical inactivity on school grades was moderate in females and moderate to large in
males (Table 6). In males and females with time allocation for exercise >90 min/week, obesity was
related to lower school grades and the ES for difference indicates that the effect of abdominal obesity
on school attainment was moderate in both sexes. In adolescents without abdominal obesity, the effect
of physical inactivity on school grades was found to be significant only in the 12th grade (males) and
in terms of GPA (males and females).
Table 6. Analysis of covariance (ANCOVA) measuring the effect of abdominal obesity and time
allocation for exercise on school grades in male and female adolescents.
MALE PARTICIPANTS
Abdominal Obesity (−) Abdominal Obesity (+)
Physically Active § Physically Inactive Physically Active § Physically Inactive
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 460.9 *** 7.2 −18.7 * 4.2 0.22 −33.4 * 12.6 0.42 −59.2 * 11.4 0.74
10th (n = 318) 459.0 *** 7.4 −19.2 * 5.6 0.24 −33.5 * 12.1 0.42 −61.2 * 13.2 0.73
11th (n = 292) 462.8 *** 7.5 −16.3 * 5.6 0.20 −35.4 * 11.1 0.47 −60.7 * 12.8 0.73
12th (n = 288) 474.4 *** 6.7 −16.4 * 4.2 0.20 −30.4 * 7.6 0.41 −59.8 * 12.7 0.82
HS-GPA (n = 288) 468.7 *** 6.5 −18.9 * 5.9 0.24 −35.6 * 11.6 0.47 −57.6 * 12.4 0.82
Model 2 b
9th (n = 330) 465.7 *** 9.0 −15.9* 4.3 0.20 −35.4 * 13.6 0.36 −61.7 * 16.4 0.73
10th (n = 318) 470.0 *** 8.8 −17.8* 5.6 0.21 −33.5 * 13.1 0.36 −63.1 * 16.0 0.78
11th (n = 292) 462.6 *** 8.5 −15.3 ‡ 5.9 0.19 −35.1 * 12.6 0.40 −60.2 * 18.0 0.77
12th (n = 288) 470.8 *** 7.7 −16.5 ‡ 4.2 0.19 −28.9 * 13.6 0.31 −57.1 * 17.7 0.65
HS-GPA (n = 288) 471.6 *** 8.5 −19.5* 6.0 0.22 −37.0 * 12.6 0.40 −57.4 * 17.6 0.65
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Table 6. Cont.
FEMALE PARTICIPANTS
Abdominal Obesity (−) Abdominal Obesity (+)
Physically Active § Physically Inactive Physically Active § Physically Inactive
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 302) 482.7 *** 9.1 −15.1* 6.2 0.22 −30.5 * 9.1 0.34 −55.5 * 12.7 0.67
10th (n = 297) 484.3 *** 7.4 −15.4* 6.6 0.23 −31.9 * 10.9 0.35 −57.5 * 12.9 0.69
11th (n = 284) 511.3 *** 8.5 −11.1 7.3 0.19 −32.8 * 11.1 0.38 −54.0 * 12.1 0.60
12th (n = 281) 518.6 *** 7.7 −13.9‡ 7.2 0.19 −40.3 * 11.6 0.41 −56.6 * 12.7 0.69
HS-GPA (n = 281) 502.3 *** 6.5 −15.1* 6.1 0.32 −30.6 * 12.6 0.38 −48.8 * 11.4 0.69
Model 2 b
9th (n = 302) 487.6 *** 10.7 −14.1 8.2 0.18 −31.5 * 13.5 0.32 −50.5 * 17.0 0.45
10th (n = 297) 490.3 *** 10.0 −15.4 * 6.6 0.23 −32.9 * 14.5 0.33 −54.5 * 17.9 0.53
11th (n = 284) 515.6 *** 10.4 −11.7 7.3 0.17 −34.3 * 14.3 0.35 −52.0 * 18.2 0.49
12th (n = 281) 524.5 *** 11.7 −13.0 7.2 0.17 −38.1 * 13.6 0.37 −54.1 * 18.3 0.54
HS-GPA (n = 281) 508.2 *** 9.9 −20.3 * 7.0 0.29 −36.5 * 14.6 0.35 −56.9 * 17.5 0.54
Abdominal obesity (+): waist circumference ≥90 cm in males and ≥80 cm in females. School grades expressed
as standardized score (scale 210–825), according to the Ministry of Education (Chile). a Model 1 is unadjusted.
b Model 2 is adjusted for socioeconomic background (parental education, family structure), type of secondary
education, age of high school completion, and iron supplementation in infancy. § Participants with abdominal
obesity (−) and a fair-to-healthy diet are the reference group. Coefficients are the mean difference between a given
category and the reference group. ‡ Trend towards significance (p < 0.10). * p < 0.05; ** p < 0.01; *** p < 0.001.
Cohen’s d statistics were estimated accounting for different sample sizes. Abbreviations: HS–GPA: high school
grade–point average.
Finally, when fatness was approached with total fat mass percentage, we found that the combined
effect of high adiposity and physical inactivity on school grades was large in males and females
(Table 7). In both sexes, for adolescents with time allocation for exercise >90 min/week, obesity was
related to lower school grades; the ES for difference indicates that the effect of high adiposity on school
attainment was small to moderate in females (d values ranging from 0.25 to 0.35) and moderate in
males (d values ranging from 0.42 to 0.49). In adolescents with normal adiposity, the effect of physical
inactivity on school grades was found to be significant only in the 12th grade (males) and in terms of
GPA (males and females).
Table 7. Analysis of covariance (ANCOVA) measuring the effect of high adiposity and time allocation
for exercise on school grades in male and female adolescents.
MALE PARTICIPANTS
High Adiposity (−) High Adiposity (+)
Physically Active § Physically Inactive Physically Active § Physically Inactive
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 330) 459.8 *** 7.2 −20.0 7.2 0.19 −37.0 * 8.6 0.42 −52.2 ** 9.4 0.62
10th (n = 318) 457.9 *** 7.4 −28.1 ‡ 6.6 0.26 −36.5 * 6.1 0.42 −58.2 ** 7.8 0.77
11th (n = 292) 456.8 *** 7.5 −28.7 ‡ 6.6 0.27 −40.4 * 9.1 0.47 −59.2 ** 6.8 0.78
12th (n = 288) 473.3 *** 6.7 −28.4 * 6.2 0.30 −44.4 * 7.6 0.49 −53.8 ** 9.3 0.73
HS-GPA (n=288) 466.7 *** 6.5 −27.9 * 6.9 0.31 −42.3 * 6.6 0.49 −58.7 ** 7.1 0.79
Model 2 b
9th (n = 330) 464.8 *** 9.7 −12.8 7.9 0.15 −43.7 * 9.0 0.33 −50.9 ** 11.4 0.49
10th (n = 318) 469.4 *** 10.4 −17.5 ‡ 6.6 0.20 −41.8 * 10.1 0.33 −55.7 ** 10.8 0.55
11th (n = 292) 457.0 *** 10.5 −17.1 ‡ 6.5 0.20 −46.0 * 9.7 0.40 −61.2 ** 12.1 0.57
12th (n = 288) 469.7 *** 10.7 −19.4 * 6.2 0.29 −46.7 * 10.2 0.42 −59.8 ** 11.0 0.57
HS-GPA (n = 288) 469.3 *** 9.8 −17.9 * 6.9 0.30 −43.0 * 11.9 0.42 −58.7 ** 10.9 0.57
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Table 7. Cont.
FEMALE PARTICIPANTS
High Adiposity (−) High Adiposity (+)
Physically Active § Physically Inactive Physically Active § Physically Inactive
Intercept SE Coefficient SE d Coefficient SE d Coefficient SE d
Model 1 a
9th (n = 302) 482.7 *** 9.1 −14.1 ‡ 7.2 0.23 −19.5 9.9 0.25 −55.5 ** 10.7 0.55
10th (n = 297) 484.3 *** 7.4 −14.4 ‡ 7.2 0.24 −20.9 10.3 0.25 −52.5 ** 10.9 0.57
11th (n = 284) 511.3 *** 8.5 −19.1 * 6.4 0.30 −27.8 * 10.1 0.39 −54.0 ** 10.1 0.55
12th (n = 281) 518.6 *** 7.7 −17.9 * 7.2 0.32 −26.3 * 9.6 0.41 −58.6 ** 11.7 0.64
HS-GPA (n = 281) 502.3 *** 6.5 −15.1 * 6.1 0.30 −25.6 * 10.6 0.40 −57.8 ** 10.4 0.64
Model 2 b
9th (n = 302) 491.3 *** 12.1 −16.1 ‡ 7.0 0.23 −25.0 12.9 0.24 −53.1 ** 13.3 0.49
10th (n = 297) 490.3 *** 13.1 −17.0 ‡ 7.2 0.24 −26.9 13.9 0.23 −56.5 ** 14.7 0.50
11th (n = 284) 519.3 *** 12.5 −20.5 * 7.4 0.30 −27.1 13.1 0.25 −61.0 ** 15.9 0.52
12th (n = 281) 469.7 *** 10.7 −23.0 * 8.2 0.31 −34.3 * 11.2 0.34 −59.8 ** 15.8 0.52
HS-GPA (n = 281) 514.1 *** 9.5 −15.1 ‡ 7.5 0.23 −32.9 * 9.6 0.35 −64.7 ** 14.1 0.57
High adiposity (+): Total Fat Mass ≥25% in males and ≥35% in females. School grades expressed as standardized
score (scale 210–825), according to the Ministry of Education (Chile). a Model 1 is unadjusted. b Model 2 is adjusted
for SES (parental education, family structure), type of secondary education, and iron supplementation in infancy.
§ Participants with high adiposity (−) and a fair-to-healthy diet are the reference group. Coefficients are the mean
difference between a given category and the reference group. ‡ Trend towards significance (p < 0.10). * p < 0.05;
** p < 0.01; *** p < 0.001. Cohen’s d statistics were estimated accounting for different sample sizes. Abbreviations:
HS–GPA: high school grade–point average.
4. Discussion
4.1. Main Findings
We examined the association of fatness measures with school performance in adolescents of
low-to-middle SES in a nonindustrialised country. We found that having obesity, abdominal obesity, or
high adiposity was associated with lower school performance alone or in combination with unhealthy
dietary habits or reduced time allocation for exercise. Second, the findings show that high adiposity
and abdominal obesity are more clearly related with lower school grades compared to obesity. Last,
the results also indicate that the association of increased fatness with lower school performance was
more salient in males than in females.
A number of studies have tested the association of academic outcomes with obesity and their
results are similar to ours. In a sample of 6346 adolescents from Iceland, Kristjánsson et al. found
that BMI, physical activity, and dietary habits were all independently associated with academic
achievement [20]. In this study, self-esteem, which correlated positively with school grades, was
negatively influenced by increasing levels of BMI. In Portuguese adolescents ranging in age from 12
to 14 years, cardiorespiratory fitness and weight status were independently and combined related
to academic achievement in in mathematics, language (Portuguese), foreign language (English),
and sciences [22]. In a sample of high school and college students from five regions across the
U.S., McCann and Roberts found that even after controlling for demographic variables, intelligence,
personality, and well-being, obese students obtained significantly lower grades than normal-weight
students in the eighth grade, community college, and university [43]. Among South Korean adolescents
in grades 7–12, overweightness/obesity was negatively associated with academic performance in
both boys and girls. In both sexes, the odds of having poor and very poor school performance were
substantially and significantly higher in overweight and obese students compared to normal-weight
students. These association remain significant after accounting for the effect of sociodemographic
determinants as well as the impact of frequency of muscle-strengthening exercises and vigorous and
moderate PA [44]. Also, it is worth noting that other studies also show that overweightness/obesity
affects a range of behaviours that may affect students’ performance, such as classroom behaviour [24],
attendance, rate of drop-out [45,46], and academic adjustment [24]. Self-esteem, school satisfaction,
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and school connectedness have also been postulated as determinants of school performance and have
been related with weight status in young populations [47].
A second major finding of our study has to do with the fact that abdominal obesity was the
exposure showing the more clear association with school performance, followed by high adiposity
and obesity. A d value from 0.3 to 0.6 corresponds with a moderate ES, whereas a d value greater
than 0.6 corresponds with a large ES. Therefore, the effect of obesity on school performance tended to
be moderate, yet the effect of abdominal obesity and high adiposity ranged from moderate to large.
This suggests that BMI might be underestimating the true effects of obesity on the adolescent brain.
Although BMI is the most commonly used method for diagnosing obesity, it has been criticized because
it does not always reflect true body fatness, which may be better assessed using body fat percentage
and distribution. This also seems to be the case when it comes to understanding how obesity impacts
the adolescent brain, specifically the hippocampus and the prefrontal cortex. Adolescence is a period
of rapid growth and maturation and is a particularly critical period for hippocampal development
and for neural organisation and functional connectivity between the PFC and other brain areas.
The hippocampus plays a role in the processing of short- to long-term memory, learning, and emotions,
whereas the PFC is involved in executive functions, which allow conscious control, planning, time
management, and organisation [11]. A reduced hippocampal and PFC size has been associated
with obesity and obesity-related cardiometabolic complications, including insulin resistance and
nonalcoholic steatohepatitis [8,13,48]. Excess adiposity also promotes chronic low-grade inflammation
and elevated levels of proinflammatory cytokines in the brain, which have been linked with loss
of hippocampal and PFC tissue [49]. Likewise, in these brain regions, obesity-induced oxidative
stress prompts cell senescence, cytotoxicity, and apoptosis and inhibits the survival and growth
of neurons [50]. Furthermore, excess adiposity impairs long-term potentiation (LTP), a process that
enhances neural transmission and improves information processing, storage, and retrieval, and thereby
promotes memory consolidation and learning [51]. Lastly, excess fat accumulation decreases the
expression of hippocampal brain-derived neurotrophic factor [52], which also hampers the conversion
of short-term potentiation into LTP.
The fact that excessive fatness appears to take a special toll on males in terms of school
performance is also of interest. Cross-sectional and longitudinal studies conducted in adolescents
report results similar to ours. In a sample of Hispanic adolescents in grades 9–11 in Texas (U.S.), obese
males had lower scores in both reading and mathematics as measured by the Texas Assessment of
Knowledge and Skills (TAKS) in comparison to their nonobese counterparts. However, no relationship
was found between obesity and TAKS performance in females [53]. Using data from the Longitudinal
Study of Australian Children, which were linked to national test scores in numeracy and literacy,
obesity and BMI were negatively related to cognitive achievement in boys (aged 8–12 years), but not in
girls [54]. The effect could not be explained by family income, parental education, genetic background,
or past cognitive achievement and was robust to different measures of adiposity. Additionally,
in preadolescents from Brazil, a negative association between skinfold thickness and performance in
mathematics was reported to be significant in males, but not in females [55]. Our findings might be
consistent with those of the literature showing that men bear a heavier burden following excessive
weight gain. Males with increased body fat have higher risk of metabolic syndrome and insulin
resistance and have higher liver fat levels than females with the same condition [56]. In a previous
study conducted on the same sample, the risk of cardiovascular complications was higher in obese
males compared to obese females [2]. The risk was even higher in obese males with reduced muscle
mass or augmented body fat accumulation [57]. This sexual dimorphism of obesity is likely related
to the differential distribution of adipose tissue in males and females and hence entails important
metabolic consequences. Males tend to accrue visceral fat, which has been correlated with increased
cardiovascular risk. Premenopausal females, on the other hand, accumulate more fat in subcutaneous
deposits, which may protect females from some of the negative consequences of obesity. Visceral fat
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increases the production of proinflammatory cytokines and interferes with the hormones that regulate
appetite, mood, and cognitive function.
4.2. Implications of These Results
Our findings have implications for public health and education policy and provide schools and
parents with potentially significant incentives for encouraging the healthy weight of adolescents.
Because academic results are a high priority for schools, educators, and parents, the relationship
between students’ health and school success is important to disseminate. Healthy dietary habits,
physical activity, and healthy weight in adolescents are important contributors towards good school
performance [58]. Thus, the promotion of healthy lifestyles and good academic outcomes might share
a common ground. A second implication of these results relates to the detrimental effects of excess
weight gain during critical periods of brain development. Adolescents around the world are highly
exposed to risk factors for overweightness and obesity, and thus may also be at risk of cognitive deficits.
The adolescent period is particularly critical for hippocampal and PFC development, so the adolescent
brain might be particularly vulnerable to the effects of obesity [59]. Third, obesity-related cognitive
deficits compromise the ability to learn and school performance, but also increase the risk of other
unhealthy behaviours such as substance abuse, tobacco consumption, risky sex, and involvement in
violence [60]. Last, but not least, many nonindustrialised countries have made an enormous effort
to overcome undernutrition and preserve the full cognitive skills of their people. The transition
from under- to overnutrition might be putting this achievement in jeopardy. Low-to-middle SES
groups would be at higher risk of impaired expression of cognitive abilities due to greater exposure to
overweight/obesity and risk factors.
4.3. Limitations and Strengths
These results support the connection between weight status and school performance. As most
studies have been conducted in the developed world, one strength of the present study is that
we provide evidence that is relevant for countries undergoing nutritional and epidemiological
transitions. Second, we examined the relationship of adiposity markers and cognition using functional
measures of cognition that were aimed at providing translational evidence that can be used for
health promotion and brain protection in young populations. Furthermore, very few studies have
examined the relation between weight status and school performance using adiposity markers other
than BMI. Also, we used DXA to measure TFM. Yet, several limitations should be acknowledged
when interpreting these results. Because our sample consisted of adolescents from low-to-middle
SES, we are not able to extrapolate these results to the overall population of Chilean adolescents.
Although a limitation, this SES bias makes our findings particularly relevant and thus could be taken
as a strength for several reasons. The prevalence of overweightness/obesity is higher in adolescents
of low-to-middle SES according to nationally conducted surveys [5,6]. Also, Chilean adolescents
from these socioeconomic levels are more exposed to risk factors for excessive weight gain, such as
unhealthy dietary habits and physical inactivity. Studies have shown that the negative effects of
excess weight may disproportionately affect minorities and poor school children [61]. Last, the impact
of SES on weight status and lifestyles could be critical during adolescence. Other limitations of
this study should be mentioned and thus considered when interpreting our results. Although we
controlled for sex, diet quality, PA status, family structure, and type of secondary education, we did
not consider other important influences, such as school characteristics, potential learning disorders,
or general motivational factors. Further studies should replicate this analysis in other populations
of nonindustrialized countries. Finally, because the association between weight status and school
performance does not imply causation, subsequent research should further investigate the effects of
adiposity on cognitive health and educational outcomes.
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5. Conclusions
In Chilean adolescents of low-to-middle socioeconomic background, we found a negative and
significant association of several fatness measures with school performance, independent of other
influences, including diet quality and time allocation for PA. Having obesity, abdominal obesity, or high
adiposity might be a potential risk factor for lower academic performance in males, but not always in
females. When increased fatness is combined with unhealthy eating and physical inactivity, it becomes
a risk factor for lower school performance in both males and females.
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Abstract: Over the course of 16 years, a high percentage of Orang Asli (OA) households in Malaysia
has been found to be burdened with food insecurity. Therefore, a study was conducted to improve
the understanding of the challenges faced by the OA in Peninsular Malaysia to achieve food security
under traditional food systems. In this study, in-depth interview sessions, which were assisted by
an interview protocol, were conducted with 61 OA women from nine villages that were selected
purposefully across three states (Kelantan, Pahang, and Perak) in Peninsular Malaysia. Furthermore,
thematic analysis was performed during data analysis. As a result, four themes were identified,
namely (i) the failure in agriculture (sub-themes: threats from wild animals and insufficient land
supply), (ii) ineffectiveness of traditional food-seeking activities (sub-themes: exhausting, tiring,
dangerous, and time-consuming journey for food-seeking activities, depletion of natural commodities,
reduced demands of natural commodities, and lack of equipment), (iii) weather (sub-themes: rainy
and dry seasons), and (iv) water issues (subthemes: continuity of water supply and cleanliness of
water). The identified modifiable factors of this issue should be incorporated into future schemes of
food security intervention in order to efficiently manage the food shortage among the OA.
Keywords: Orang Asli; food insecurity; Malaysia; challenges; in-depth interview
1. Introduction
Acknowledging food insecurity as a public health concern is a huge advancement in the
chronological development of this issue. Several populations, namely children, the elderly, minorities,
and low-income households have been known to possess a higher risk of facing food insecurity [1].
Furthermore, being the minority, Indigenous People are not excluded from this dilemma as the
prevalence rate of food insecurity among this population has been reported to be high in some
countries. Willows et al. [2] showed that 33% of Indigenous households in Canada were categorized as
food-insecure. Within that total percentage, 14% of the cases were found to be severe. On the other
hand, according to the Australian Institute of Health and Welfare [3], 24% of the Indigenous People
in Australia, aged 15 or older, had faced food shortage in the previous 12 months from 2004 to 2005.
Moreover, about 8% of the people affected by this issue claimed that they could not afford to buy food
during a food shortage.
This issue was not widely explored by previous studies in Malaysia. The first research related to
food security among the Orang Asli (OA) was conducted by Zalilah and Tham [4] who found that
82% of the OA households at Hulu Langat, Selangor were food-insecure. Meanwhile, Nurfahilin
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and Norhasmah [5] reported that 88% of OA households at Gombak, Selangor State had been food
insecure until 2015. In addition, the most recent study on this matter revealed that 82.9% of the OA
households (Mah Meri) at Carey Island and Tanjung Sepat (both are located in the Kuala Langat
district) faced food insecurity; 29.3% household food insecurity, 23.4% individual food insecurity, and
30.2% experiencing child hunger [6]. Besides, Haemamalar et al. [7] and Chua et al. [8] found evidence
related to food insecurity among the OA, which referred to the issue of the low dietary diversity (one
of food insecurity indirect measures) among the OA in Pahang State, Malaysia.
Indigenous People, including the OA, are well-equipped with traditional knowledge inherited
from generation to generation. This line of knowledge should have developed further with all the
available natural resources offered by Mother Nature [9,10]. Therefore, the high prevalence rate of food
insecurity among the Indigenous People is rather unexpected. This could be due to several challenges
they encounter in practicing traditional food systems, which include the declining amount of plant
and animal species, lack of transfer of cultural knowledge to youth, reduced time and energy invested
for harvesting due to employment, decreased densities of species, and decreased land use. Moreover,
the raising concern about environmental contamination and the increasing availability and acceptance
towards new food are linked with the abandonment of traditional food systems in this community [11].
In addition, food security is closely linked with food systems. Food systems play a role in the food
management process that consists of four stages including the production, processing and packaging,
distribution and retail, and consumption of food. To put this simply, food systems regulate the overall
process of food management [12]. Furthermore, the management of food loss and waste, which is
another component under the food system, is a foundation of food security. Recently, significant
food loss and waste has been reported during the harvesting, transportation, storage, packaging,
wholesaling, retailing, and consumption of food [12]. Food loss and waste was estimated to be
approximately one third of total food production globally (1.3 billion tons) [13]. The food loss and
waste is not acceptable as millions of people are suffering food insecurity globally, yet tons and tons of
food that were aimed to feed the targeted groups were wasted due to mismanagement [12]. This also
implies that presence of food availability alone does not guarantee food security. The food should
be made (physically, economically, and socially) accessible to the public [14]. Therefore, the primary
focus of this study is the traditional food system. The traditional food system for Indigenous People
is described as “being composed of items from the local, natural environment that are culturally
acceptable” [11] (p. 417). An in-depth exploration of the traditional food system is necessary, provided
that most of the Indigenous People worldwide depend on the food systems to obtain food and generate
income [9].
Based on the data obtained from the Department of Orang Asli Development (JAKOA),
the population of OA in Peninsular Malaysia was 178,197 in 2013, and this number was
divided into three main ethnic groups, which were Senoi, Malay-Proto, and Negrito [15].
Orang Asli were expected to flourish under the traditional food systems attributed to their rich
knowledge of their surrounding environment (forests/lakes/rivers) and food-seeking activities
(farming/hunting/gathering). However, contradictive findings from other studies showed a high
prevalence of food insecurity and low dietary diversity among the OA in Peninsular Malaysia. This
information proves that the OA are facing hardships to obtain sufficient food through traditional
food-seeking methods, namely farming, hunting, fishing, and gathering. Therefore, drastic measures
are needed to curb food insecurity issues among the OA. Before any recommendations and resolutions
can be planned or proposed, a thorough understanding of this issue is important. For this reason, this
study was conducted to identify the factors connected with food insecurity among the OA. This study
aims to find out the factors for the absence of traditional food practices as a safeguard for OA to obtain
enough food.
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2. Materials and Methods
This is a qualitative research study using a case study design. According to Yin [16], a case study
is an empirical enquiry into answering the “how” and “why” research questions. The focus of the
case study is the contemporary phenomenon in real life contexts where investigators have little to no
control over real-life events. The particular case concerned in this study is the occurrence of household
food insecurity, while the unit of analysis is the ‘hardcore poor’ OA households.
2.1. Study Location
The locations for this study were selected purposefully based on the number of the food assistant
recipients under JAKOA. The list of food recipient names from each administrative region was obtained
from the JAKOA state headquarters or the JAKOA administrative offices. The administrative regions
were then divided into three groups, namely Senoi dominant, Proto-Malay dominant, and Negrito
dominant. Then, one district was selected under each ethnic cluster. The villages from each district
were also purposefully selected using the priority given to the particular villages with a high number
of food assistant recipients. However, the provision of this priority was subjected to the advice given
by the JAKOA staff as they were more familiar with the conditions in the villages. The selected study
locations were at Gua Musang District (Kelantan State), Rompin District (Pahang State), and Gerik




Figure 1. Distribution of Orang Asli in Peninsular Malaysia, 2000.
Gerik is a mukim (administrative division) of Hulu Perak, a district at the north of Perak State.
Based on the information provided by JAKOA, a majority of the OA here are Negrito. Meanwhile,
Gua Musang is a district at the southern part of Kelantan State, with Senoi as the biggest community
there. Lastly, Rompin is a district located at the southeast corner of Pahang State, and Proto-Malay
appears to be dominant in this region.
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2.2. Informants
The informants consisted of 61 OA women. The inclusion criteria was that they were of
child-bearing age (20–49 years old), brought along at least a single child during data collection,
and lived in ‘hardcore poor’ households that received food assistance from JAKOA. According to
JAKOA, the classification of the households as ‘hardcore poor’ was based on the guidelines provided
by the Economic Planning Unit [18] which stated that the households which receive an income below
Malaysian Ringgit (MYR) 520 per month (United States Dollar (USD) 127.45 (10 August 2018)) are
classified as ‘hardcore poor’. The sample size of the informants was based on the concept of saturation.
A stage of saturation was achieved when no new information emerged as the interview progressed [19].
2.3. Ethical Clearance and Permissions
Prior to data collection, ethical clearance was obtained from the Ethics Committee for Research
Involving Human Subjects (JKEUPM) of Universiti Putra Malaysia (Serdang, Malaysia) [Reference
no.: FPSK(EXP15)P004]. The permission to carry out this study at the OA villages was obtained from
JAKOA. At the same time, all the informants needed to sign a written consent form to prove their
willingness to voluntarily participate in this study. However, they were allowed to withdraw from the
study without any penalty, and all the information provided by the informants were kept confidential.
2.4. Data Collection
This process was conducted through several sessions of semi-structured in-depth interviews with
the help from an interview protocol. The interview protocol referred to a list of questions and issues
of interest that were covered during the in-depth interview. The interviews were audio-recorded
with permissions from the informants. The Malay language, a national language among Malaysians
regardless of their ethnic background, was used during this session. However, for informants who
were not able to express themselves in this language, the services of translators were used to smooth
the interview sessions, and they consisted of the local OA who were able to speak both the native OA
language and the Malay language. Another instrument used in this study was a sociodemographic
questionnaire that was used to assess the sociodemographic characteristics of the informants.
Each of the informants was required to go through two sessions of the in-depth interview.
The primary aim of these sessions was to establish a sense of rapport between the researcher and
the informants [20]. To reemphasize, this study particularly looked into the contributing factors of
household food insecurity under traditional food systems. The questions which were directed to the
informants were:
• Are you facing any problems in obtaining sufficient food?
• (Based on Question 1) If yes, can you elaborate the problem(s) you are facing by providing a
suitable example(s)?
• (Based on Question 2) How frequent is/are the problem(s)?
2.5. Quality Control
In order to ensure the authenticity of the information extracted from the informants, the plan to
involve the heads of the villages or renowned individuals during data collection was implemented.
Based on the observation prior to the test, the presence of the Tok Batin (heads of the villages) or
renowned individuals helped to get rid of suspicion of information. Furthermore, translation services
also helped smooth the process of the interviews. Both approaches reduced the potential biases
among the informants, be it intentional or unintentional, such as providing inaccurate information
due to misinterpretation of the questions. Triangulation was another valid method used to secure
the information gathered from the interviews. Data triangulation (the involvement of all three main
ethnic groups of OA) and environmental triangulation (the involvement of three study locations) were
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incorporated into the sampling methods [21]. The information provided by all the three ethnic groups
were considered to have the highest authenticity.
2.6. Data Analysis
The findings of the numeric sociodemographic characteristics were presented with medians, while
the category sociodemographic variables were presented in counts and proportions. The descriptive
data of the informants were analyzed using IBM SPSS Statistics version 22.0 (IBM Corp., Armonk,
NY, USA). On the other hand, the extraction of the information from the interview was done through
thematic analysis. This action was based on the techniques guide from Braun and Clark [22]. First,
the verbal data from the interviews were transcribed verbatim. The transcription process helped
researchers familiarize themselves with the data [23]. Then, the transcripts were read repeatedly
in order to determine the breadth of the data. Normally, the repeated reading is followed by other
processes such as note-taking and marking the ideas for the coding process that follows after. Through
the familiarization of data conducted in the previous step, the coding process starts. In this study,
the coding process was carried out manually using highlighters or colored pens. The codes identified
from the data familiarization were matched up with the data extracted from individual transcripts.
These transcripts were found to demonstrate the characteristics of the code. Each code that was
identified, including the relevant data extracts, was kept in a separate computer file. Following that,
the identified codes were categorized into potential themes/sub-themes, while the relevant coded data
extracts were categorized into the identified themes/sub-themes.
3. Results
3.1. Characteristics of the Informants
A total of 61 informants from three districts (Gua Musang, Rompin, and Gerik), with a median
age of 32 (range: 20–49) years, were recruited. Most of the informants were from big households where
four or more children resided. Furthermore, a high percentage of the informants either had a low
formal education or did not pursue a formal education at all. As for their socioeconomic characteristics,
most of the informants were housewives, while most of their spouses were skilled agricultural, forestry,
and fishery workers. Subsequently, the selected households were then categorized as ‘hardcore poor’
except for a single household, which was labeled as ‘poor’. Further details regarding the informants’
demographic and socioeconomic characteristics are presented in Table 1.
3.2. Factors Related to Household Food Insecurity
Meals of OA comprised mixtures of market and traditional food due to the variances in their
food-seeking behaviors. Market food was purchased from nearby food outlets, including rice, flour,
biscuits, tea, cereal, and green leafy vegetables. Traditional food was usually obtained through
food-seeking activities and farming that included gathering edible fruits and vegetables (stinky
bean, fern shoot, and natural herbs), fishing (local fish and prawn), hunting (wild boar, squirrel,
and lizards), farming (tuber roots, rambutan, and durian), and raising poultry (chicken and duck).
In brief, traditional food was obtained from their surrounding environment without involving money.
The thematic analysis revealed four potential themes which contributed to household food
insecurity among the OA under traditional food systems. The aforementioned themes were the failure
in agriculture, the ineffectiveness of traditional food searching methods, water issues, and weather.
3.2.1. The Failure in Agriculture
In the case of the failure in agriculture, the informants expressed their concerns of the agricultural
products cultivated from their farms being under the threat from wild animals, such as wild boars,
monkeys, and rats if not guarded properly. The wild animals that invaded the farms, not only stole the
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agricultural products, but also destroyed the plants. It was reported that this case was faced by the
Senoi and Proto-Malay groups only.
Table 1. Sociodemographic characteristics of the informants (n = 61).
Variable Count (n) Percentage (%) Median (Range)





Senoi (Temiar) 20 32.8
Proto-Malay (Temuan) 20 32.8













Education Level of Informants 1.5 (0–11.0)
No formal education 25 41.0
Primary school 21 34.4
Secondary school 15 24.6
Education Level of Spouses 2.5 (0–11.0)
No formal education 24 39.3
Primary school 26 42.6
Secondary school 10 16.4
Do not know 1 1.6
Occupation of Respondents
Skilled agricultural, forestry, and fishery worker 12 19.7
Plant and machine-operators and assembler 1 1.6
Housewife 48 78.7
Occupation of Spouses
Skilled agricultural, forestry, and fishery worker 52 85.2
Craft and related trade worker 1 1.6
Plant and machine-operators and assembler 3 4.9
Elementary occupation 1 1.6
Divorced 1 1.6
Passed away 3 4.9
Monthly household income (MYR *) 200.0 (50.0–750.0 †)
Income per capita (MYR *) 41.7 (8.3–250.0)
Expenses of food and beverage (MYR *) 100.0 (20.0–250.0)
* USD = United States Dollar, MYR = Malaysian Ringgit; USD 1 = MYR 4.08 (10 August 2018). † A household was
grouped under “poor” (monthly household income between MYR 520 and 830) due to job opportunity weeks before
interview. The household was in the name list of food assistant recipient in 2014. Therefore, the household was
eligible for this study.
Informant 15:
“The products were eaten by the foxes and the birds. Yes. Today, when I went there (farm), everything
seemed fine. However, tomorrow or the day after, when I went there, the wild boars might have eaten
the products. I guard my farm myself. I do the patrol around the farm. I find the rattans, cut the
bamboos, to build a guard post. I guard it myself. There are animals out there which eat our products.
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Sometimes, when we plant tuber roots, the wild boars eat it. As for pumpkins, the insects from the
forest eat them. The insects eat . . . the grasshoppers eat the shoots of the tuber plants until nothing is
left behind.”
Informant 42:
“It (wild boar) eats the tapioca. It eats the sweet potatoes. It eats the banana tree. If we plant the
pineapple, it also eats the pineapple. Nowadays, there are many wild boars.
In addition, the informants were concerned with the lack of arable land for them to carry out
self-sustainable agricultural activities. Orang Asli did not possess the arable lands nearby and the
lands were taken to run domestic agricultural activities and mining. The Senoi and Proto-Malay were
the only groups who were reported to face this issue:
Informant 3:
“For example, I really do not own any piece of land. It is not belonged to me. Whatever farms you can
see here are all belonged to the other people.
Informant 50:
“Not enough land. Only have a small piece of land. Do not have new land because all have been
cleared up to become the (domestic) farms.”
3.2.2. The Ineffectiveness of Traditional Food-Seeking Methods
Besides the failure in agriculture, the ineffectiveness of traditional food seeking methods was
found to be another theme which explained the failure of the OA to achieve household food security.
This is because this method only depends on wild plants and animals from their surrounding
environment. Furthermore, food gathering and hunting were described as time-consuming, dangerous,
uncertain, and exhausting. Despite the hard work, traditional food-seeking activities did not always
guarantee enough food. These factors were reported by all three ethnic groups involved during
the interview.
Informant 7:
“(Leaves) at six o’clock in the morning, comes back at seven o’clock, or eight o’clock at night. If we
travel through the forest at seven in the morning, will come back at three or four in the afternoon.”
Informant 21:
“When my husband travels to the forest, there are a lot of challenges awaiting him, such as the presence
of elephants, tigers, snakes, and centipedes.”
Informant 13:
“Searching for food is not easy. Sometimes, the food that we wish to find is available, but sometimes it
is not. Especially when we go fishing. Sometimes the fish bites, and sometimes we have to go back
home with empty hands.”
Informant 52:
“The road . . . the road is covered with mud. We need to go through the bushes too. Sometimes, the
walking path is covered by stones. Climbing up and down, up and down the hills.”
Due to deforestation, the condition of the food insecurity among informants worsened due to the
depletion of natural commodities in the forests. Forests provide habitat for various flora and fauna.
Many species that OA depended on for food cannot survive due to loss of home. This factor was
reported by all three ethnic groups (Senoi, Proto-Malay, Negrito).
Informant 2:
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“It (the fern shoot) is not available here, very hard to find. Want to eat (wild) vegetables, but it is not
available. (The place with fern shoots is) only reachable by a motorcycle as it is far away. Do not have
(wild vegetables here), if you find at surrounding here, (you) only manage to get a few, three or four
sticks. Not enough to eat.”
Informant 16:
“Difficult. It was quite easy in the old days, but now, it is hard. Due to some people who conduct the
mining activities, and because of that, the natural products of the forest are no longer available. At the
side (of the forest) where people conduct the tin ore mining activities, the forest will be demolished.”
Furthermore, the demand for natural commodities, such as herbs, was no longer popular
compared to the demand for these resources from decades ago. This led to the drop in the price
of the natural commodities. This factor was reported by all three ethnic groups (Senoi, Proto-Malay,
Negrito).
Informant 32:
“It is not sold at high price, not very high and sometimes it is sold in low price. Take the herbs with
medical value from the forest as an example, we get three Ringgit fifty cents for a kilogram. If we
manage to get a few kilograms, we get a few dozen Ringgit.”
Informant 57:
“Only my husband knows about the price of the natural commodities. The price was only known
before though. Nowadays, no one has been requesting for natural herbs. For example, people requested
Tongkat Ali (a traditional medicine) only during the old days. It is no longer requested now.”
The informants were also reported to abandon hunting activities due to the lack of the equipment
needed. Weapons were needed to hunt big-sized animals (e.g., wild boar and deer). This problem was
found to occur among all ethnic groups, namely Senoi, Proto-Malay, and Negrito.
Informant 42:
“I do not have an equipment for fishing. How can I go fishing? (Besides that, it is) hard to get wild
animals. No gun is available for hunting. (We) do not have an equipment (for the activities).”
Informant 50:
“It is because we do not have the equipment for fishing. We do not have the gun for hunting.”
3.2.3. Water Issues
It was found that the Orang Asli in Malaysia were still burdened with the problems of obtaining
sufficient clean water supply which explained the failure of the OA to achieve household food security.
Water issues were labeled as the third theme under factors associated with household food insecurity
among OA. To be specific, the water supply was reported to be inconsistent due to the blockage of the
pipe system, especially after the rain. Besides, agricultural and logging activities became a concern as
these activities contaminated the rivers or lakes which were known to be the primary water sources
for the OA. The river became muddy especially after raining due to deforestation. Meanwhile, the OA
were worried about the possible leakage of pesticides used for domestic agriculture activities into the
rivers. This problem was reported by all ethnic groups in the present study.
Informant 56:
“For me, if I want to declare the water supply that I got is clean is not true. (The water) may be
considered moderately clean. The problem is due to land clearing and logging, water is affected and is
no longer clean. When it rains, water looks muddy.”
148
Nutrients 2018, 10, 1455
Informant 59:
“Water supply? We are not satisfied with it. Because when some people performing logging activities,
the water will be exposed to pollution. When it rains . . . during the dry seasons, the water looks a bit
clear. However, when it rains, it looks a bit muddy. Therefore, it is hard for us to get obtain a clean
water supply. Water supplies cannot be continued as sometimes the pipe is blocked during the rain
and we need to go repair it. Therefore, the actual problem is the blocked pipe, not the water.”
3.2.4. Weather
This issue fell under the fourth theme which explained the failure of the OA to achieve
household food security. To be specific, Malaysia experiences two monsoon seasons, namely the
southwest monsoon (June to September) and northeast monsoon (November to March) as well as two
inter-monsoon seasons (October and April to May). The southwest monsoon brings rain to the east
coast while the northeast monsoon increases rainfall to the west coast of Peninsular Malaysia [24].
The extreme rainy season was found to interrupt economic activities, such as rubber tapping, mining,
and searching for natural commodities in the forests. Furthermore, heavy rain also led to the occurrence
of floods which destroyed the farms cultivated by the OA. This problem was found to occur among all
ethnic groups in the present study.
Informant 46:
“Due to the raining season, we become jobless. It is hard to find a job. Some of the available jobs
are related to farm works, such as rubber tapping. These jobs are usually pursued through contracts
and recruits are unneeded due to rain. Workers are recruited only during dry seasons. This is why
sometimes earning money is not an easy task for us.”
Informant 52:
“A bit tough when the rainy season arrives. Cannot earn money. For example, we want to search
vegetables or want to harvest the banana for sale are also restricted, people (traders) do not want the
products. In addition, people (traders) do not travel here to pick up the products.”
On the other hand, the extreme dry season reduced the chance of successful harvesting as crops
or vegetables might die before the plants got to be full grown. This factor was also reported by all
ethnic groups in the present study.
Informant 4:
“Dry season. The leaves wither instead of flourishing. The land is dry, but many still carry out
agricultural works. Harvesting can be done, but the plants will not fully grow.”
Informant 45:
“Water, sometimes do not have water. The water flow is slow. The tuber roots are also dying. Because
of the heat.”
4. Discussion
The findings provided evidence regarding the presence of household food insecurity among the
OA, especially among those with the low socioeconomic background. Overall, the factors of household
food insecurity under traditional food systems included the failure in agriculture, the ineffectiveness
of traditional food seeking methods, water issues, and weather. Presence of challenges in conducting
traditional food-seeking activities implies that food sovereignty of the OA was violated due to
deforestation and pollution of the water sources. Orang Asli were found to have no control over
their territories where they obtained their food (forests, rivers, lakes, and arable lands nearby their
villages) from destruction as a consequence of the economic activities that were conducted by third
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parties [25,26]. This finding is important for a better understanding of the hardships faced by the OA
so that counteracting policies can be implemented for an improved standard of living.
The first factor of household food insecurity among the OA was the failure in agriculture. Most
of the OA cultivated their own farms either at the nearby forests or beside their houses. However,
their farms were always under the threat of wild animals, such as wild boars. A similar finding was
reported by Zakari et al. [27] as the occurrence of diseases and presence of insects in the farms were
found to be related with household food insecurity among the farmers at Kollo district, Southern
Niger. Besides, some informants reported that insufficient agricultural lands disrupted the OA’s
self-sustainable agricultural activities which should have been done to support the needs of their
household members. As a result, the vulnerability to food insecurity of the households that owned no
or small agricultural lands increased. This happened as the nearby lands in the villages were taken over
for the development of mining sites, logging sites, or cash crop plantations, such as palm oil trees and
rubber trees [28]. Similarly, insufficient agricultural land puts a limit on food availability for household
members’ daily consumption, and it dwindles the economic income that can be generated from the
cultivation of household farms [29]. The importance of land in preventing household food insecurity
by increasing the household income was reported by Kirimi et al. [30] in Kenya, who pointed out that
the ownership of lands for households was found to reduce the risk of poverty (low household income
to fulfil the needs of the basic food and non-food necessities) and help the households overcome
food insecurity.
Naturally, OA are well-known for their capability of finding their own food from their
surroundings, either from the forests, rivers, or lakes. One of the factors which was believed to have
led to the obstacles faced by the OA in finding sufficient food is the depletion of food resources. This is
the result of deforestation due to logging activities, either conducted legally or illegally. Furthermore,
Malaysia had reported an increasing forest loss from 2000 to 2012 [31]. Not only that, insufficient
proper equipment restricts the OA’s from carrying out hunting activities for food. Similar challenges
were also found to occur to other groups of Indigenous People worldwide. For example, a study
conducted on Vuntut Gwitchin First Nation from the Old Crow and Tlingit households in Teslin,
Canada found that insufficient time and limited availability of traditional food were the factors that
disrupted the continuation of hunting activities. Other factors that disrupted the continuation of
hunting activities included the unaffordable price of harvesting tools, cultural loss, and the concern
of contamination [32]. In addition, the challenge faced by the Inuit communities at Pangnirtung,
Nunavut, Canada was that their activity of food-searching around their surroundings was disrupted
due to climate change, environmental degradation, market economy, globalization, acculturation, and
nutrition transition [33].
There were two main issues associated with water supply, namely the disruption of the water
supply and the concern for the cleanliness of the water. The disruption of the water supply was
mainly due to the lack of maintenance and blockage of personal water pipes by sand or dry leaves
after the rain, which prevented water from flowing to the reservoir. The reservoir is where all the
villagers obtain water. In the case of the cleanliness of water, the informants voiced their concern
about the pollution of the river near their area due to logging and agricultural activities [34]. A shift
in the pattern of diseases among OA such as hepatitis A and B, tuberculosis, and dermatological
and gastroenterological problems was related to the use of polluted water [35]. Besides, many other
diseases were associated with this pollution issue, which included skin diseases, diarrhea, dysentery,
respiratory illnesses, anemia, and complications in childbirth [36]. Therefore, water issues among the
OA should be taken seriously in order to prevent these illnesses from spreading.
In the recent years, Malaysia faced several episodes of extreme weather events, such as floods,
droughts, and heat waves [37]. Provided that the OA’s quality of life is dependent on their surrounding
environment, the weather is believed to be another factor which may determine the status of their
household food security. Moreover, the interaction between extreme climate and the status of
household food security was shown in Bahiigwa’s [38] study, which demonstrated a fluctuating
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pattern in the prevalence rate of food insecurity in 1000 households from four geographical regions
in Uganda (western, central, eastern, and northern). This was due to the lack of rainfall, pests and
diseases, and excessive rain. Likewise, Niles and Salermo [39] revealed that households from 15
countries in Latin America, Africa, and South Asia that faced climate shock had a higher likelihood
to experience household food insecurity. Meanwhile, the Food and Agriculture Organization [40]
showed that climate had the potential to influence the quantities and types of food produced and the
amount of the production-related income. At the same time, the extreme weather might have adverse
impacts as it could destroy the transportation and distribution facilities, and it could increase the risk
of food insecurity among the vulnerable groups within the community. Besides, unfavorable rainfall
patterns and temperature were reported to lead to the decline in the availability of wild food that is
needed by many families in the midst of food shortage.
There are several limitations to this study. The villages selected for this study were located
where researchers could easily travel to by normal car. This indicated that the village location was
connected to the nearby town by several roads. For this reason, the informants did not only depend
on traditional food systems for food-seeking and gaining access to food markets. Therefore, one of
the recommendations is that the OA from both remote and suburban villages should be involved in
similar future studies. The other limitation of this research could be seen from the participants who
were limited to female informants. In contrast, the involvement of male informants may improve
the information obtained in a study through different question sets being used for male and female
informants [20]. To be specific, the questions for male informants could focus on the socioeconomic
activities of the households, while the questions for female informants could focus on the dietary
patterns of the household members. Another limitation of this study was the use of a translation
service, which might affect the validity of information obtained from the informants. In this case,
translators might unintentionally provide unnecessary hints to the informants at some point in the
interview. In order to prevent such biases from occurring, translators should be properly trained prior
to data collection, and they need to always be reminded to not provide additional explanation to
the informants.
5. Conclusions
In conclusion, the OA generally rely on the knowledge they inherit from their ancestors regarding
nature for their survival. The traditional food systems are essential for the OA to obtain food for the
daily consumption of the household members. However, due to the negative effects in the midst of
urbanization, the availability of food in the natural environment to support their livelihood has been
reduced. As a result, the OA have shifted to modern food systems, where food is purchased from
the markets to fulfill their needs. According to the recent trend, the deterioration of the traditional
food systems is due to five factors, which include the failure in agriculture, the ineffectiveness of
traditional food-seeking methods, water issues, and weather. These are the important findings which
have distinguished the contexts of the OA’s household food insecurity from the contexts of the general
population. Moreover, the findings of this study have proven that household food insecurity among
the OA is an existing phenomenon, and a clear picture of the issue has been provided to demonstrate
the unfortunate situation faced by this community. With this, it is recommended that local authorities
and non-governmental organizations take this issue seriously due to the hazardous impacts it can
bring to the health of its victims. Through a proper understanding of the household food insecurity
among the OA, drastic measures could be taken by the responsible authorities in order to relieve the
OA from this problem.
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Abstract: Fruit and vegetables (F&V) are imperative for good health, yet less than one per cent
of Australian children consume these food groups in sufficient quantities. As guided by Social
Cognitive Theory (SCT), this paper aimed to: (i) understand key informant perspectives of the
amount, types and quality of F&V consumed by rural and remote Western Australian (WA) children;
and, (ii) determine strategies that could increase F&V consumption among rural and remote WA
children. This qualitative study included 20 semi-structured interviews with health, school/youth
and food supply workers, focusing on topics including: quantity and type of F&V consumed and
strategies to increase children’s consumption. A thematic analysis was conducted using NVivo
qualitative data analysis software (Version 10, 2014. QSR International Pty Ltd., Doncaster, Victoria,
Australia). Key informants reported children consumed energy-dense nutrient-poor foods in place of
F&V. Strategy themes included: using relevant motivators for children to increase their preference
for F&V (i.e., gaming approach, SCT construct of ‘expectations’); empowering community-driven
initiatives (i.e., kitchen gardens, SCT construct of ‘environment’); increasing food literacy across
settings (i.e., food literacy skills, SCT construct of ‘behavioural capacity’); developing salient messages
and cooking tips that resonate with parents (i.e., parent newsletters, SCT construct of ‘self-control’);
increasing F&V availability, safety, and convenience (i.e., school provision); and, considering the
impact of role models that extend beyond the family (i.e., relatable role models, SCT construct of
‘observational learning’). Overall, a comprehensive strategy that incorporates relevant motivators
for children and families, supports local initiatives, reinforces the range of role models that are
involved with children and creates healthier environments, is required to increase F&V consumption
among children.
Keywords: fruit and vegetables; rural children; Social Cognitive Theory
1. Introduction
Fruit and vegetables (F&V) are essential to good health, containing a vast array of indispensable
nutrients and bioactive compounds, such as vitamins, minerals, electrolytes, dietary fibre, protein,
and phytochemicals [1]. F&V are known for their high concentrations of specific phytochemical or
‘non nutrient’ properties, such as carotenoids [2], flavonoids [3,4], phytoestrogens [3], and terpenes.
In addition, F&V have a relatively low energy density and a high water concentration [5].
Nutrients 2018, 10, 1603; doi:10.3390/nu10111603 www.mdpi.com/journal/nutrients155
Nutrients 2018, 10, 1603
F&V provide a myriad of health benefits, including a reduced risk of non-communicable
diseases [6]. Such diseases include cancer through hormone-inhibiting roles [7,8], Type II diabetes [9],
and a probable link with reduction in obesity [2,7,9]. Vegetables have been shown to have a cardio
protective effect, reducing the risk of cardiovascular disease and stroke [10], namely due to containing
a plethora of antioxidant compounds that repair cell damage due to oxidation [3]. The role of nitrates in
vascular tone and integrity have also been recently reported [11–14]. Further, F&V have been recently
shown to reduce risk of falls and fractures that are related to superior muscular strength (grip strength)
and physical function in those with higher intakes and a more diverse range of vegetable intake [15].
Moreover, the benefits of vegetables on bone health include the action of nutrients, such as vitamin
K, magnesium, phytoestrogens, and other active compounds on improved bone metabolism [16,17].
Given the wide-ranging health benefits that are provided by F&V, adequate consumption in childhood
is critically important. This is especially important, given child eating habits track into adulthood [5].
Despite these health benefits and evidence associating poor childhood intake of F&V with
subsequent low adult consumption [18], many Australian children are consuming insufficient F&V [19].
In Australia, “sufficient” consumption of F&V is two serves of fruit (i.e., two medium pieces) and five
serves of vegetables for children aged 9–11 years and females aged 12–13 years [20], where one serve
is equivalent to one cup of salad or half a cup of cooked vegetables [20,21]. For boys aged 12–13 years,
the recommended vegetable intake is 5.5 serves [20].
National data estimates that less than one per cent of Australian children aged 9–13 years are
consuming vegetables in sufficient quantities for good health [22]. A higher proportion of Australian
children reportedly met fruit guidelines, with 45% of 9–11 year olds and 34% of 12–13 year old
children achieving the recommended fruit serves per day [22]. Consumption of F&V is higher across
Western Australia (WA), with statewide surveillance data reporting 8.8% of children met vegetable
guidelines and 64% met fruit guidelines [23]. Recent research that was conducted specifically in rural
and remote WA reported a slightly higher proportion of children met guidelines, with 65.8% meeting
fruit and 15.4% meeting vegetable guidelines, respectively. While in rural Victoria, 97% of children
aged 6–12 years consumed adequate fruit and 12% consumed adequate vegetables [24]. To date,
comprehensive data outlining the difference in F&V consumption between urban, rural, and remote
children is lacking, due to limitations that are associated with availability of data at a local level [25].
With respect to the classification of rural and remote Australia, the Australian Statistical
Geography Standard Remoteness Structure classifies locations in relation to their access to services [26].
Covering one-third of Australia’s land mass, WA spans a vast 2.5 million square kilometres [27],
with much of this state being classified as remote.
National data has demonstrated that people living in remote locations are more likely to be
overweight or obese than their urban counterparts, with reduced health service provision purported
to be a contributing factor [25]. A number of barriers to F&V consumption have been postulated,
including price, promotion, low availability, poor quality, location of outlets, and taste preferences [28].
These are particularly magnified in rural and remote communities where food availability and access
issues are heightened, such as through transport disruptions [29,30]. As poor diet, such as low
consumption of F&V, is a contributing factor towards overweight and obesity [6], and given the
aforementioned barriers to F&V consumption in rural and remote locations, the consumption levels
could be estimated to be lower in rural and remote areas.
To overcome barriers to F&V consumption among children, a number of strategies have been
proposed internationally and nationally, such as a settings approach where core foods are provided
or nutrition education delivered in early years and school settings [5,28]. School-based interventions
have achieved moderate increases in children’s intake of F&V [18]. To increase impact, suggested
approaches have included extending school-based activities to the home environment, whereby parents
are engaged through activities delivered by teachers and health professionals [31,32]. To increase
relevance for child audiences, a focus on fun has been recommended as more salient [31] and it should
be a key strategy adopted in initiatives. Incentives and rewards should also be incorporated [5],
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with children provided the freedom to make personal food choices [31]. In addition, goal setting,
role playing, and critical thinking are advocated for [5]. Overall, longer-term, higher intensity
interventions with multiple strategies have been demonstrated to be most effective in increasing
children’s F&V consumption [18,33].
However, there is limited evidence for successful strategies that specifically target rural and
remote populations. Gaps in the literature include an understanding of high-risk and disadvantaged
groups’ needs, such as those living in rural and remote areas [34]. Recent research [35] has highlighted
the differences in healthy food availability, access and use in rural and remote locations, and the
associated impact on children’s F&V consumption [33]. Therefore, these differences must be front and
centre when developing strategies to increase consumption among rural and remote children.
One framework that provides a useful context in which to situate strategies to increase F&V
consumption is the Social Cognitive Theory (SCT) [36]. The SCT comprises nine constructs and
considers the impact of personal factors, such as food preferences, expectations of consuming particular
foods, knowledge, and self-efficacy on a behavior, such as F&V consumption. In addition, the impact of
environmental factors, such as availability, accessibility, parents, peers, and the media, on the behavior,
are also considered [5]. Previous research has argued this theory is ideal for the examination of the
impact of interventions on children’s F&V intake [5].
Given there are a number of gaps in the current evidence base relating to the increased support
required for rural and remote children to consume adequate F&V, this study aimed to extend existing
literature to understand potential strategies to increase rural and remote children’s F&V consumption.
The objectives of this study were to: (i) understand key informant perspectives of the amount, types,
and quality of F&V consumed by rural and remote WA children; and; (ii) determine strategies that
could increase F&V consumption among rural and remote WA children, using a SCT focus.
2. Materials and Methods
2.1. Design and Sampling
The study methodology is reported elsewhere [30]; a summary is provided below. ‘Key informants’
were the selected participant group for this qualitative exploratory research study. These worker
types included health workers (e.g., nutritionists, dietitians, health promotion officers), school/youth
workers (e.g., school principals, youth, and family workers who worked with both primary school age
children—junior, previously years 1–7 and currently years 1–6 in Western Australia, and secondary
school age children—senior, previously years 8–12 and currently years 7–12) [28]. Food supply workers
(e.g., included store managers and farmers’ market managers). These key informants were involved
with children’s F&V consumption, such as through a breakfast or after school feeding program,
delivery of health promotion programs, or owned/managed a food outlet where children and/or their
parents shopped. A database was developed using contact details from professional networks (health
and school/youth workers) and Google searches using the keywords “supermarket” and the town
name (food supply workers).
WA is categorised by the state government into nine regions (i.e., Peel, South West, Great Southern,
Wheatbelt, Goldfields-Esperance, Mid West, Gascoyne, Pilbara, Kimberley regions) [37]. It is also
classified into degrees of remoteness, according to the Australian Statistical Geography Standard
Remoteness Areas [26]. Key informant recruitment was conducted to ensure diversity across WA
regions, degrees of remoteness, and worker type, through the development of a spreadsheet with
these criteria. A total of eight out of the nine WA regions invited were represented in this study.
Where possible, sampling in this study was closely representative of the population density across WA
regions [37] and degrees of remoteness. Key informant locations also ranged in Socio-Economic Index
for Areas Index of Relative Socio-Economic Disadvantage decile [30,38] to ensure that areas of varying
socio-economic disadvantage were included.
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2.2. Data Collection
Thirty potential interviewees were invited to participate in this study and were provided with an
information letter and consent form. Twenty respondents provided written consent (67% response rate)
and took part in a semi-structured interview, conducted either by telephone (n = 16) or face-to-face
(n = 4). The interview guide was compiled by the research team and contained questions related to
quantity and type of F&V consumed (i.e., “What are your thoughts around the amount of F&V kids are
eating in the areas you live/work in?”); barriers to and enablers of F&V consumption among children
(i.e., “What types of things make it hard for children to eat F&V in the areas you live/work in?”);
motivators of intake (i.e., “What do you think are the biggest motivators for F&V consumption among
WA kids?”); and, strategies (existing or proposed) to increase children’s consumption (i.e., “What
successful strategies have you seen, where you work?”).
One pilot interview was conducted, with minor changes made before use in the wider study.
2.3. Data Analysis
Key informant interviews were transcribed verbatim and imported into QSR Nvivo 10 (NVivo
qualitative data analysis Software; Version 10, 2014. QSR International Pty Ltd., Doncaster, Victoria,
Australia) A thematic analysis was conducted using techniques, such as template analysis and parallel
coding [39]. In addition, word clouds and matrix-coding queries provided further insight into themes
determined. Inductive, data-driven codes were created as new themes were identified. Three team
members verified coding of statements by co-listening to audio recordings and cross-checking
the NVivo coding. Documents including a research journal and summary of work conducted
outlined codes created with exemplar quotes, key themes, and other analyses undertaken in NVivo.
Saturation was confirmed at 20 interviews when the team confirmed that there were no new themes or
concepts that had been identified [30,40].
2.4. Ethical Approvals
All of the subjects gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki. Ethics was obtained from
the Edith Cowan University Human Research Ethics Committee.
3. Results
3.1. Demographics
Interviewee demographics included 16 females and four males; 12 key informants reported on
regional WA, while eight reported on remote WA. A total of eight respondents were health workers
(i.e., dietitian, nutritionist, health promotion officer), six were school and/or youth workers (i.e.,
school principal), and six were food supply workers (i.e., farmers’ market manager). Key informant
demographics have been tabulated in a previous publication [30]. The results below have been
grouped into suggested strategies (existing or proposed) to increase children’s F&V consumption.
Exemplar quotes for each strategy have been included (Table 1).
3.2. Perceptions of Consumption
Key informant perspectives with respect to the quantities of F&V consumed by children included
comments such as “not enough” (Food Supply Worker, Female, Regional), “low compared to the
amount of ‘extras’ that are consumed” (Health Worker, Female, Regional), “without the schools,
that would be much more of an issue” (Health Worker, Male, Remote) and “Relatively lower than what
is recommended” (Health Worker, Female. Regional). Among the 16 coded statements about F&V
quantities consumed, some informants reported observing parents and children buying energy dense
nutrient-poor foods, such as pies and sausage rolls, or high-carbohydrate filling foods, as opposed
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to F&V. A view shared by a number of participants was that adequate fruit consumption was more
common than adequate vegetable consumption, which key informants perceived as being poor
amongst most children. In particular, children’s lunchboxes were seen to be more fruit-focused,
with children “going to school without any vegetables in their lunchboxes at all” (Health Worker,
Female, Regional). Perceptions of F&V types that were consumed included that they were dependent
on the availability within a food outlet. Other perspectives were that school canteens were providing
locally-produced F&V and that school based activities supported and promoted access to them.
Table 1. Exemplar quotes for strategies to increase children’s fruit and vegetable intake.
Strategy Exemplar Quote
Strategy One: Use relevant motivators for
children to increase their preference for fruit
and vegetables
“That’s a motivator—“You look good, strong, fit, you look great”.
How do you sustain that? For young women too. Playing on that
strength, that useful, you’re really concerned about your appearance,
playing on that strength in a positive way is a good motivator. It’s
the first time I’ve really seen teenage boys engage, when it’s talking
about them and their appearance” (Health Worker)
Strategy Two: Empower local
community-driven initiatives
“Involving local people in the creation of local resources rather than
depending on outside resources for health promotion” (School and
Youth Worker)
Strategy Three: Increase food literacy
education across a range of settings
“There is the occasional dietitian doing a talk for a mothers group and
that sort of thing. No sort of big focus on that audience. More of a
focus once kids get to school or once a child is obese and comes to see a
clinician. I think prevention would be best sort of in a way, treatment
for obesity in that, before a kid gets to that point” (Health Worker)
Strategy Four: Develop salient key messages
and cooking tips that resonate with parents
“In some cases, I’ve suggested or parents have said to use the star
charts, to try new things basically so they would get a star just
trying something new” (Health Worker)
Strategy Five: Increase fruit and vegetable
availability, safety and convenience
“Pre-packed salads, little salads, I also did something myself trying to
increase the availability of snack packs through fruit and veg, I cut
up capsicum, carrots and celery and put that in a little container.
Again for somebody who wanted a little snack pack, it’s easy, it’s
there, done, it’s all prepared for you but it’s just like having a bag of
chips, it gives you the option” (Food Supply Worker)
Strategy Six: Consider the impact of role
models that extend beyond the family
“The youth workers organised last year to have one of the big
Western football teams Skype into all of the kids at the school...
significant people being involved in people’s lives here makes a huge
difference” (School and Youth Worker)
3.3. Strategies to Increase Consumption
3.3.1. Strategy One: Use Relevant Motivators for Children to Increase Their Preference for Fruit
and Vegetables
Based on their experiences and perceptions, Food Supply and Health Workers indicated that
focusing messaging on the impact of healthy eating on sporting performance might be an effective
strategy to encourage children to consume more F&V. The perspectives of School/Youth Workers
focused on education about healthy food choices using a strengths-based approach, i.e., “I certainly
think it makes a massive difference if they have had education around healthy choices at some stage”
(School/Youth Worker, Female, Regional).
Many children were believed to understand that eating F&V kept them healthy, however,
messages needed to extend beyond this due to the lack of consideration many children placed on
long-term health implications that are associated with suboptimal consumption. Utilising a different
perspective, such as reinforcing the benefits of being strong, fit and promoting a healthy body image,
was an important consideration when promoting healthy eating. This was thought to be especially
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effective among teenage boys, where the strengths-based focus was on being fit. Insights included the
importance of reinforcing fun, creative and experiential learning around the growing and preparation
of healthy food to positively influence children’s attitude to F&V. According to interviewees, children
and young people sought independent food choice, and thus focusing on encouraging choice of
healthy foods was important. One informant discussed their approach, which focused on promoting
the enjoyment of tasting fresh F&V. This was also suggested to be done in settings, such as community
garden plots. Further, promoting F&V in other settings, such as through family-friendly arts events,
was another avenue for promotion. Other strategies included presenting information about the
negative health consequences of low F&V consumption in movies compiled in an entertaining way.
3.3.2. Strategy Two: Empower Local Community-Driven Initiatives
Key informants discussed the importance of local community spaces and activities that promoted
F&V consumption, particularly for rural and remote populations. These included community gardens,
communal cooking facilities, and sporting events. Further, participants in this study reported the
creation and display of healthy eating posters in food outlets and community cookbooks were
successful in increasing F&V consumption. Health service providers were encouraged to support
existing or the start-up of local initiatives, which had a more significant and longer lasting impact.
For example, local community gardens or kitchens, which could also be used to upskill participants in
short courses, such as food hygiene. In addition, practitioners embraced groups’ evolving interests in
healthy eating skills, such as a group formed initially to focus on exercise, evolved to focus on food
label reading. Key informants emphasized the importance of a place-based approach with respect
to supporting local preferences and needs, as well as showcasing local role models who were often
better placed to upskill fellow community members, rather than relying on service delivery or resource
creation from ‘outsiders’, i.e., “In terms of the women making healthy eating posters . . . I just think
local stuff has a huge impact as people are obviously learning through the making of the stuff as well
as with the sharing” (School/Youth Worker, Female, Remote).
3.3.3. Strategy Three: Increase Food Literacy Education across Settings
A number of key informants were concerned that inequitable health education and support
services resulted in certain life stages being disadvantaged. For example, the early years sector, an area
that is cited as a critical life stage in which lifelong healthy habits could be initiated, and subsequently
consolidated upon entry into the school setting. A number of stakeholders believed that school
education could be the catalyst for health-promoting behaviours across the lifespan, i.e., “You don’t
always have a break through but sometimes you have a spark that goes and they will keep that
with them for the rest of their lives” (Food Supply Worker, Female, Regional). The application of
knowledge gained through curriculum activities was reportedly supported through experiential
programs combining food production and preparation, with produce tasting a critical element.
One stakeholder reiterated the importance of F&V provision through the school setting, such as
through morning recess. Two stakeholders recounted the success of ‘meet the farmer’ or farm visits
that had been held with the local school children. This approach to education reportedly increased
awareness of the food system.
3.3.4. Strategy Four: Develop Salient Key Messages and Cooking Tips That Resonate with Parents
Practical strategies for parents to incorporate F&V into their family’s diet were suggested,
including disguising these foods into meals and snacks, i.e., “Making kebabs out of fruits,
using the dips, putting pureed vegetables into things, like bolognaise sauces. Making rissoles
with grated vegetables so they can disguise them to a degree” (Health Worker, Female, Regional).
Other strategies included the provision of easily accessible produce, such as having chopped F&V
within easy reach on the kitchen bench when children were hungry. Another informant suggested
allowing the child to choose a novel fruit or vegetable each week, and making a new, in-season fruit
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the ‘treat’. Exposure to new preparation methods and recipes through family, friends, local stores or
the school environment was also recommended.
3.3.5. Strategy Five: Increase Fruit and Vegetable Availability, Safety and Convenience
One informant recommended interactive strategies, such as consumer engagement through
food tastings in-store, or pairing recipes next to ingredients that could be used to make the meal.
One participant reflected on her own practice to support healthy eating in her store, through the
preparation of F&V snack trays. Others believed that offering mid-week farmers’ markets or increasing
the percentage of F&V within takeaway outlets would improve food availability in rural areas.
i.e., “Get the fast takeaways with a greater percentage of vegetables and fruit in there and it may
become more popular” (School/Youth Worker, Female, Remote). Another informant criticized the
significant proportion of high quality produce that is exported to other countries, and commented that
Australia should be prioritising the best quality F&V for local outlets instead. A number of informants
underscored the importance of schools providing nutritious food to children, particularly with an
emphasis on F&V.
3.3.6. Strategy Six: Consider the Impact of Role Models that Extend Beyond the Family
Key informants discussed the importance of role models outside of the family unit. For example,
family friends who may have prepared meals using unfamiliar F&V, cooking methods, or food
preparation skills, i.e., “being introduced to foods you might not have at home, just in different ways”
(Health Worker, Female, Regional). This approach was suggested to improve their amenability to
tasting less familiar foods. Elite athletes were admired in rural and remote areas, with their influence
apparent when they participated in school communication projects.
4. Discussion
The objectives of this research were to understand key informant perspectives of amounts,
types and the quality of F&V consumed by children; perceived motivating factors for consumption;
and, effective strategies for increasing children’s F&V consumption. Key findings included increasing
children’s preference for F&V through the utilisation of strategies using relevant motivators,
empowering local community-driven initiatives, increasing food literacy in early childhood and school
settings, developing salient messages for parents, increasing availability, safety, and convenience of
F&V in outlets, and considering the impact of role models that extend beyond the family.
Key informants in this study reflected on their experiences that were associated with children’s
F&V consumption. These included that fruit consumption was higher than vegetable consumption
and substantially and positively influenced by the school environment. This was previously reported
in a study conducted in rural and remote WA where schools were thought to facilitate consumption
through breakfast or lunch programs [28]. Previous research has also reported F&V in food outlets is
inconsistent in regards to availability, quality, and promotion [30].
This study highlighted the importance of using relevant motivators to increase children’s food
preference for F&V. Interviewees (health, school/youth, and food supply workers) reflected on their
own successful experiences where they had utilised more personalized strategies to increase F&V
consumption. Examples included reinforcing the benefits of being strong, fit, and promoting a healthy
body image. The use of fun, creative, and experiential learning was found to positively influence
children’s attitude to F&V. This supports our previous work that found attitude was a key driver of F&V
consumption among WA children [28]. In their study of children in rural New Zealand, Dresler et al.
recommended child-focused F&V campaigns should utilize the compelling techniques that are used
by large companies to emphasise fun, energy, and colour of the produce [41]. In addition, cartoons
depicting characters choosing healthy food have demonstrated a shift in children’s food choices to
healthier options [42]. An after-school nutrition intervention that was underpinned by the SCT with
the aim of improved dietary self-efficacy, included activities focusing on exposure to healthy food,
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taste testing, and the link between diet and physical activity [43]. Younger children (aged 5–10 years)
demonstrated a significant improvement in dietary self-efficacy because of the intervention [43].
However, the intervention had no effect on older children and adolescents [43]. Family-friendly arts
events were suggested in this study as an avenue for message delivery. WA evidence corroborated
this suggestion, with a significant association between nutrition messages and arts engagement being
found [44].
Empowerment of local community-driven initiatives was a key theme in the current study.
The focus on local community spaces promoting F&V consumption, such as community gardens,
communal cooking facilities, and sporting events, were reportedly highly successful vehicles for
promoting consumption of these food groups, based on key informant perceptions and experiences.
Further, the creation of health promotion posters displayed in food outlets and cookbooks were
reported upon favourably, with particular value being placed on the development of these initiatives
by people within the community. Locally developed initiatives reportedly had a more significant
and longer lasting impact than those “brought in” by outside service providers. This is of particular
importance in rural areas, where service providers sometimes facilitate unsustainable programs
that do not consider the local context [28]. Interest in the notion of ‘co design’ has increased in
recent years, with benefits of collaborative design of projects reportedly including more meaningful
service provision and increased consumer satisfaction [45]. Community support, such as through
the provision of community knowledge and local leadership, is central to successful public health
nutrition interventions. Community organisation and action can ensure communities being about
health changes that they identify as priorities [46]. Extending this further, the development of social
capital by initiatives is a vital success factor; those initiatives that facilitate collective social capital
increase community competence in addressing issues [47,48], and ultimately, improve their health [46].
Increasing food literacy across key settings such as early years settings, schools, and workplaces
emerged as an important theme in this research. Some informants commented that inadequate service
provision resulted in certain life stages missing out on food literacy education. Curriculum activities
which focused on experiential learning through food production, preparation and tasting were
celebrated. Farm visits were also well-regarded as a powerful educational experience, and they are a
unique vehicle for education in rural areas where there is a closer connection to food producers [28].
Food literacy education can increase children’s understanding of how to choose healthy foods, not only
for themselves, but their family [49]. In the early years sector, a recent umbrella review that examined
12 systematic reviews of 101 studies reported that healthy eating approaches embedded within services
improved healthy eating in children aged 2–5 years [32]. The review found the most successful
interventions were delivered by nutrition and health experts, targeted both the centre environment
and the individual, included a mix of strategies that were addressed through the curricula, food and
the physical environment, staff practice and policy, and engagement with parents [32]. Within a
school setting, specific strategies have included designated F&V breaks or activities, such as taste
testing [33] and using core food groups for curriculum activities instead of discretionary foods [50].
A WA school-based F&V program found that significantly more children brought vegetables to school
as a result of targeted curriculum and parent resources [51]. However, many children have been
reported to possess limited food literacy skills, including poor awareness of what constitutes healthy
food choices and limited preparation skills. School programs should be linked with the curriculum,
utilise media [41], and include experiential learning to enhance skills [28]. The development and
possession of food skills among children and adolescents translates to favourable health behaviours,
and thus, improved dietary quality [52] and has been shown to decrease children’s requests for energy
dense nutrient poor foods, which contribute to obesity [52]. Further, food literacy among children
and adolescents can increase their beliefs regarding the “social value of food, food system issues and
relationships between the food system and environmental sustainability” [49].
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It is critical that health promotion projects aiming to improve healthy food consumption among
children, include salient key messages and cooking tips that resonate with household gatekeepers;
parents. Parental nutrition knowledge and cooking skills are essential factors to consider in the
investigation of barriers and enablers of children’s F&V consumption, such that specific skills in
planning, decision-making, purchasing, preparing, and understanding the impact of food on health
are required to meet dietary needs [53]. Adults have been suggested to lack important food purchasing
and preparation skills, which reduced their children’s consumption of F&V [54,55].
Messages to improve food planning, purchasing, and preparation should be clear, specific,
and focus on behavior change [56]. Messaging should also focus on increasing F&V in the home
environment, with resources such as newsletters utilising increasing parental engagement and
understanding [33]. Importantly, messages must consider the rural or remote context in which
they are being delivered, such as tailoring messaging about F&V purchasing to reflect availability, cost,
and quality considerations [56].
The current research emphasized the importance of increasing fruit and vegetables availability and
convenience. Strategies that were recalled by informants included food tastings in-store, or presenting
ingredients to comprise a meal in the same location of a store. One store owner prepared F&V
snack trays to prompt increased purchasing, while other informants recommended offering mid-week
farmers’ markets or increasing the percentage of F&V within takeaway outlets as strategies to increase
the availability of these core food groups. These findings concur with other research, which has
emphasised the importance of changing environments to include more F&V. Recent WA evidence has
cited the limited availability of fresh vegetables in rural areas as problematic to support interventions,
in comparison to urban environments [35]. Evidence highlighted the success that is associated with
increasing provision of a range of vegetables, improving their presentation, changing the order in
which they were served or changing their location. These actions resulted in increased selection
and consumption of these foods in children [1]. Further, other researchers have demonstrated that
provision through settings such as schools can increase consumption of fruit by 0.27 servings per day
and combined F&V servings of 0.28 servings per day [57]. The inclusion of salad bars in U.S schools
have encouraged increased F&V consumption among children and youth, with particular success
being observed in increased fruit consumption. Further, including locally-produced F&V in the salad
bar coupled with nutrition education, could be an additional strategy [58]. Moreover, policy-level
interventions, such as subsidised vegetables in rural areas, have been requested [35].
The important influence of role models that extend beyond the family was highlighted in this
study. Key informants underscored the importance of role models, including family friends and elite
athletes. Previous evidence has concurred that role modeling of health-promoting behaviours, such as
consuming F&V, has a positive correlation with intake of these foods among children. These results
suggest that children are conscious of their parents’ participation in these behaviours, which, in turn,
have a positive impact on their own behaviour [59]. Previous WA evidence suggests that parents in
rural locations may be more likely to support F&V interventions in school settings, which suggests
this could be a core area to focus on in future interventions. The same study also found more rural
participants recommended resources to increase child and parental knowledge about vegetables,
in comparison to urban locations [35]. Recommendations arising from this research support previous
evidence, which includes a multi-pronged approach to increase F&V intake among children.
Using relevant motivators that are salient to children align with the ‘expectations’ construct of
the SCT. While skill development and taste testing [5] align with the behavioural capacity element,
self-control, such as through role modelling, has been shown to be an effective strategy to increase
consumption [5]. This latter activity can be adapted across settings, such as the early years settings
and transition into the school years.
Strategies to empower community-based initiatives to focus on the environmental construct of the
SCT need to be considered. These include increasing availability of F&V across settings and supporting
initiatives like community gardens in locations close to early years services and schools.
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When supporting food literacy development across settings, focusing on the behavioural capacity
construct of the SCT, a focus could include skill development through the provision of recipes and an
educational component. Again, these initiatives are translatable in settings such as childcare, school,
food outlets, as well as in the home environment.
Developing salient messages for parents, through a focus of the self-control construct of the
SCT, could incorporate cooking tips in local newsletters or developing collaborative cook books with
parents [5]. This could also develop self-efficacy, an important element to increase F&V consumption
through targeted messaging [5].
Increasing F&V availability, through the environment domain of the SCT, could include strategies
such as placing F&V posters up in neighbourhoods [60] or F&V subscription programs in early years
and school settings [61].
Recommendations for capitalizing on the power and impact of role models includes using
relatable role models, humor, such as through comic books and home-based assignments to be
conducted between children and their parents [5].
Strengths of this study included perspectives of a range of key informant types, such as health,
school/youth, and food supply workers. In addition, sampling occurred across WA regions, degrees
of remoteness, and levels of socio-economic disadvantage. This approach facilitated the inclusion of
key informants who represented a range of locations with varying levels of disadvantage, and a range
of work disciplines. In addition, this study had a strengths-based focus, and as such captured positive
perspectives regarding potentially successful approaches to increasing rural and remote children’s
F&V intake. Further, the use of the SCT is useful to investigate health behavior constructs and not
only considers the impact of personal factors, such as food preferences, on behavior, but also the
impact of environmental factors, such as food availability, on the behavior. This study also has some
limitations that must be acknowledged. This study included the views of key informants and did
not incorporate parent’s or children’s views, which were captured in another study aspect. Therefore,
in relation to potentially effective strategies to increase children’s F&V consumption, a lack of child
perspectives for the strategies proposed is a clear limitation. In addition, this study did not specifically
focus on proposing strategies for increased F&V consumption among particular population groups,
such as Culturally and Linguistically Diverse or Aboriginal and Torres Strait Islander people. Further,
although attempts were made to ensure every worker type was represented across each region, this was
not the case.
5. Conclusions
Overall, a comprehensive range of strategies has been recommended as an effective approach to
increase F&V consumption among children [5,61]. Strategy components incorporating curriculum-based
education programs, a focus on parental provision in the home environment, and F&V provision in
other settings are essential [5,61].
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Abstract: There is substantial current interest in linkages between livestock-keeping and human
nutrition in resource-poor settings. These may include benefits of improved diet quality, through
animal-source food consumption and nutritious food purchases using livestock-derived income,
and hazards of infectious disease or environmental enteric dysfunction associated with exposure
to livestock feces. Particular concerns center on free-roaming chickens, given their proximity to
children in rural settings, but findings to date have been inconclusive. This longitudinal study of
503 households with a child under 24 months at enrolment was conducted in villages of Manyoni
District, Tanzania between May 2014, and May 2016. Questionnaires encompassed demographic
characteristics, assets, livestock ownership, chicken housing practices, maternal education, water
and sanitation, and dietary diversity. Twice-monthly household visits provided information on
chicken numbers, breastfeeding and child diarrhea, and anthropometry was collected six-monthly.
Multivariable mixed model analyses evaluated associations between demographic, socioeconomic
and livestock-associated variables and (a) maternal and child diets, (b) children’s height-for-age and
(c) children’s diarrhea frequency. Alongside modest contributions of chicken-keeping to some improved
dietary outcomes, this study importantly (and of substantial practical significance if confirmed) found
no indication of a heightened risk of stunting or greater frequency of diarrhea being associated with
chicken-keeping or the practice of keeping chickens within human dwellings overnight.
Keywords: undernutrition; food security; nutrition security; village chickens; livestock; animal-source
food; Tanzania; sub-Saharan Africa; resource-poor settings
1. Introduction
To achieve lasting impact in enhancing food and nutrition security in resource-poor settings,
there is a need for strategies which align with local priorities and address context-specific constraints.
Mixed crop-livestock farming is widely practiced throughout sub-Saharan Africa [1] and has been
shown to strengthen the resilience of smallholder farmers to climate change [2,3]. A growing body of
literature explores linkages between livestock ownership and human nutrition. Livestock-keeping is
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posited to offer the benefits of improved dietary quality, through access to nutrient-rich animal-source
foods (ASF) [4,5] and nutritious food purchases enabled by livestock-derived income [6], but with the
possible hazards associated with exposure to livestock feces in rural settings [7].
Potential risks of contact with livestock feces relate both to pathogenic bacteria, responsible for
infectious diarrhea [8], and to non-pathogenic bacteria, as a cause of environmental enteric dysfunction
(EED) [9]. In EED, chronic damage to the gastrointestinal tract may reduce nutrient absorption and
cause low-level immune stimulation, restricting children’s growth and development [10,11]; however,
evidence of the causal pathways between EED and child stunting is limited, and the condition is likely
to be more complex than previously conceived [12]. A systematic review examining relationships
between livestock ownership and child health identified a predominant focus on diarrhea as the
primary health outcome [8]. Impaired height-for-age (stunting) is advocated as a more objective
measure which reflects the cumulative effect of multiple influences, such as dietary quality and
recurrent diarrhea, on children’s growth over an extended period of time [13].
Village chickens are an accessible and versatile form of livestock, kept in small flocks by many
vulnerable households in low- and middle-income countries (LMICs). Indigenous-breed birds roam
freely during the day, scavenging for food, and are often housed within human dwellings overnight to
reduce risks of predation or theft [14,15]. Their contribution to income and diets is made significant
by the inherently low requirements for capital, labor and other inputs [15–17]. These benefits may
be further enhanced by the central role of women in raising village chickens [18–20], with income
and resources managed by women shown to have disproportionately strong effects on health and
nutrition [21,22]. While previously promoted as an opportunity to sustainably enhance food and
nutrition security in LMICs, free-ranging chickens have faced recent scrutiny as a source of fecal
contamination in rural areas.
Recent efforts to determine the net impact of chicken-keeping on children’s growth and health
have largely reported on the analysis of existing datasets [23–26]. These multi-purpose surveys have
the advantage of large sample sizes, but offer a limited opportunity to understand specific management
practices which may carry benefits and risks to human health and nutrition. In Ethiopia, the practice
of keeping chickens indoors overnight was reported to counteract any positive effects of poultry
ownership on children’s height-for-age Z-scores (HAZ) [27]. A multi-country study found animal
feces in the homestead environment to be negatively associated with children’s HAZ in Bangladesh
and Ethiopia, but not in Vietnam [24].
Appropriate source data is vital to draw meaningful conclusions amidst the complexity of different
livestock production systems, sociocultural influences, and seasonal variation. Some studies have
employed the Tropical Livestock Unit as a quantitative measure to evaluate livestock ownership as a
predictor of nutrition outcomes [24,28]. This unit represents smallholder livestock holdings—of mixed
species, breeds and ages—based on the approximate metabolic weight of each. This unit was developed
to quantify production levels and relate livestock numbers to human populations or land resources [29,30].
There are clear limitations in its use in situations where the “amount” of livestock may not equate, for
example, to their sociocultural value or to the incidence of stunting, wasting or illness in children.
The concept of the “livestock ladder” has been used to describe livestock ownership as an
opportunity for rural households to accumulate assets and rise from poverty [31–33]. Beyond their
economic value, however, there are notable distinctions in the roles of different livestock in
resource-poor settings. Village chickens, considered the lowest step on the livestock ladder, offer
a readily-accessible source of income, an opportunity to engage in social customs, and access to
nutritious food items [20,34,35]. By contrast, larger livestock such as cattle are associated with wealth
and social status, and provide longer-term savings, insurance, and draught animal power, but are
infrequently used to meet immediate household needs [32,36,37].
This paper presents analytical approaches and results from an observational study in eight rural
communities in Tanzania. Alongside other forms of livestock ownership, it includes a specific focus
on village chicken-keeping to evaluate longitudinal associations with (a) diets of young children and
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their mothers, (b) HAZ and the probability of stunting in children, and (c) the occurrence of diarrhea
in children. The study is nested within a larger investigation assessing the impact of community-based
vaccination programs against Newcastle disease in village chickens and interventions to improve crop
diversity, management, and storage on maternal and child health outcomes [38]. Analyses have used a
range of livestock-associated predictor variables, and both short-term (i.e., diets and diarrhea) and
longer-term (i.e., HAZ) outcome variables, to optimize the understanding of how domestic animal
ownership has influenced children’s nutrition and health over a two-year period in this setting.
2. Materials and Methods
2.1. Study Area and Population
This longitudinal study of 503 children was conducted in eight rural villages in Manyoni District,
Singida Region in the semi-arid Central Zone of Tanzania. Unimodal rainfall is expected between
November and April, with mean annual rainfall of 624 mm (SD = 179 mm) and a mean of 49 rain days
per year (SD = 15) at a district level [39]. Project sites were selected in consultation with government
partners at national, regional and district levels, guided by the prevalence of childhood stunting and
the absence of existing nutritional interventions.
A ward census was conducted by the project in April 2014 in Sanza Ward and October 2014 in
Majiri Ward, with local enumerators visiting all households in each community to record the age and
gender of all members, based on information provided by a household representative. Two-stage
sampling was used to enroll a total of 240 households in Sanza Ward and 280 in Majiri Ward, by first
enrolling all households with a child under 12 months of age (mo), and then using random selection to
enroll additional households with a child aged 12–24 mo. The terms “enrolled child” and “enrolled
household” are used to describe participants in this study, with a single child followed within each
household (the youngest child, where more than one child under 24 mo was present).
Baseline data collection was completed for 229 households from Sanza Ward in May 2014, and
274 households from Majiri Ward in November 2014, as part of the staged implementation within the
larger project design [38]. A small number of enrolled children (n = 6) were identified to be above the
intended maximum age of 24 months at this time (range of 24.2–28.1 mo), but were retained within the
study sample.
2.2. Ethical Approval
Study design, protocols and research tools were approved by the Tanzanian National Institute
for Medical Research ethics committee (NIMR/HQ/R.8a/Vol.IX/1690), and by the University of
Sydney’s Human Research Ethics Committee (2014/209) and Animal Ethics Committee (2013/6065).
Participants’ informed consent was given via a signature or thumb print at the time of data collection,
for each questionnaire and set of anthropometric measurements. A participant information statement
was provided to all participating households at the commencement of the study. To accommodate
linguistic diversity and varying levels of literacy, all documents were read aloud to study participants
by trained enumerators, using local languages where appropriate.
2.3. Data Collection
2.3.1. Questionnaires
Male and female enumerators were recruited from the community in consultation with local
leaders and trained to administer two semi-structured questionnaires. One questionnaire, directed
to mothers at six-monthly intervals, encompassed maternal education, household water sources and
toilet facilities, and maternal and child diets (24-h dietary recall, using the “open recall” method [40]).
A second questionnaire, applied annually to an intended equal number of male and female household
members (actual sample comprised 60.5% female respondents of 1354 completed questionnaires)
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encompassed demographic data, household assets, livestock ownership and chicken-keeping practices,
including the location of overnight housing for chickens. Printed survey questions and training
sessions were in Swahili, but enumerators were encouraged to make use of the languages of the two
predominant language groups (Kigogo and Kisukuma) where appropriate.
2.3.2. Household Visits
Male and female representatives from each village were employed as “Community Assistants”
to collect ongoing data. Households were visited twice-monthly to record the number of chickens
owned (categorized by age, i.e., under or over two months), the breastfeeding status of the enrolled
child (exclusively breastfed, receiving both breast milk and complementary foods, or non-breastfed),
and the occurrence of diarrhea in the enrolled child during the previous two weeks. Diarrhea was
defined as the passage of three or more loose or liquid stools per day, or more frequent passage than is
normal for the individual child [41].
2.3.3. Anthropometry
Child length or height measurements were recorded to the nearest 1 mm by trained personnel
using UNICEF portable baby/child length-height measuring boards. Recumbent length was measured
for children up to 24 mo, and standing height for children over 24 mo. Where this protocol was not
followed, to minimize distress and maximize measurement accuracy (6.0% measurements), a standard
adjustment was applied [42]. Birthdates were verified against health clinic records where available
(80.7%). Measurements were taken at six-monthly intervals from May 2014 in Sanza and November
2014 in Majiri until May 2016 in both wards.
2.3.4. Rainfall Data
Daily rainfall data were recorded by trained community representatives from a rain gauge with
1 mm graduations, located at a village office in each ward.
2.4. Data Analysis
2.4.1. Defining Variables
Descriptions and data sources for predictor and outcome variables are provided in Appendix A
(Table A1). Emergency Nutrition Assessment for SMART software was used to calculate child HAZ,
based on World Health Organization (WHO) child growth standards [42]. Z-scores below −6 or above
+6 were identified as extreme or potentially incorrect values, and were excluded from analyses [43].
Z-scores of less than −2 for height-for-age were classified as stunting. A “diarrhea score” was calculated
for each six-month period preceding anthropometry, from a ratio of the number of positive records of
diarrhea to the total number of records per child. This allowed for variability in the number of data
points per child, due to absence during data collection visits.
For mothers, dietary diversity (DD) scores were based on the Minimum Dietary Diversity for
Women of Reproductive Age (MDD-W) indicator [40] and for children, using the Infant and Young
Child Minimum Dietary Diversity (IYCMDD) indicator [44]. To achieve consistency in the longitudinal
evaluation of children’s diets, the IYCMDD indicator was used beyond its intended age range of
6–23 months, as has been done elsewhere [45]. Results for breastfed and non-breastfed children are
reported separately. Consumption of ASF, overall and in the categories of eggs, chicken meat, other
meat and fish, and milk, was also evaluated.
A household was defined as a group of people living together and sharing food from the same
pot, with members having lived in the household at least three days of each week for the previous
six months [46]. This definition seeks to encompass individuals who share common resources and
make common budget and expenditure decisions. Given the close linkages between livestock and
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wealth in agropastoralist communities, multiple approaches were employed to assess the influence of
livestock-keeping while controlling for variation in wealth.
Socioeconomic status was represented using several variants of an index developed for use in
sub-Saharan Africa, which assigns a weight to livestock and non-livestock assets according to their
relative value [47]. Information on the development and validation of this index is not readily-available,
but it is recommended for all projects receiving funding from the Bill and Melinda Gates Foundation.
Guided by Tanzanian research partners and time in the study sites, the authors judged this tool to
provide an adequate estimation of wealth in this setting. The index was modified to accommodate
available data, and a weighting was applied to 11 household assets (radio, television, refrigerator,
mobile phone, mosquito net, table, sewing machine, bicycle, motorcycle, car, and ox-cart) and six forms
of livestock (cattle, sheep, goats, donkeys, pigs and poultry). Three variants of this index were used, as
outlined in Table 1.




A weighted sum of material
and livestock assets
To characterize households’ socioeconomic status in
descriptive summaries of the study population.
HDAI excluding cattle
and chickens
A weighted sum of material
and selected livestock assets
(sheep, goats, donkeys, pigs)
To control for variation in socioeconomic status in
models for maternal and child diets, where the influence
of cattle and chicken ownership was tested separately.
Non-Livestock
Asset Index (NLAI)
A weighted sum of material
assets only
To control for variation in socioeconomic status in
models for child stunting and diarrhea, where multiple
livestock-associated variables were tested separately.
Information on the first language spoken by both of the enrolled child’s parents was collated with
the gender of the household head to determine the dominant language group of each household, as a
proxy for a range of cultural and agricultural practices [48,49]. Toilet facilities and sources of drinking
water were classified as improved or unimproved [50].
To address the complex linkages between livestock, health and nutrition, multiple variables based
on livestock ownership were assembled (Table A1). For each major category of animals, variables were
constructed to reflect ownership:
(a) as a bivariate categorical variable (i.e., yes/no);
(b) relative to the median number of animals in this population (i.e., </≥ median number); and,
(c) in terms of the number of animals owned.
A “livestock ladder” variable was also calculated, which assigned households to four categories
based on the animal species owned:
(a) no livestock;
(b) chickens only;
(c) small ruminants, with or without chickens; and,
(d) cattle, with or without other livestock.
Variables were constructed to reflect ownership for the six month period preceding each round
of anthropometry. Information on ruminant ownership was drawn from the annual household
questionnaire, but variables relating to chicken ownership were based on twice-monthly household
visits. This reflects the substantial fluctuations in chicken ownership and flock size in village settings
due to short reproductive cycles, sales to meet household needs, and losses due to predation or seasonal
disease outbreaks. To evaluate contributions to diets, income and household environments, chicks were
excluded from measures of chicken flock size. A summary of the construction of chicken-associated
variables is shown in Figure 1.
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Figure 1. Construction of predictor variables to test associations between chicken-keeping and
maternal and child diets, child anthropometry and diarrhea frequency (alongside other livestock and
non-livestock variables). Small chicks have been excluded from chicken flock size, and consideration
given to the time period over which ownership is measured.
To test associations with diets, chicken ownership during the month of dietary assessment
was used. For the longer-term outcomes of children’s HAZ and diarrhea, a broader assessment
of chicken ownership was considered more relevant than a single point-in-time count of chicken
numbers, therefore, the mean number of chickens owned during the six-month period preceding each
measurement was calculated. Households were classified as “chicken-keeping” if the mean number of
chickens owned was one or greater for a six-month period, and “non-chicken-keeping” if less than one.
2.4.2. Descriptive Statistics
Descriptive analyses were used to characterize the study population, explore variation between
the two wards, and evaluate intended predictor and outcome variables. Percentages were determined
for categorical variables, and means and standard deviations or medians and interquartile ranges
calculated, for normally and non-normally distributed continuous variables, respectively. Inter-group
comparisons for the two wards were performed using t-tests and chi-square tests for continuous and
bivariate categorical variables, respectively.
2.4.3. Univariable and Multivariable Models
All analyses were conducted in the form of linear mixed models or generalized linear mixed models,
using Genstat Release 18 software. Consideration was given to the potential for spatial clustering by
including ward, village, and sub-village locations as random effects, along with household identifiers
to account for repeat-measures data. Three broad components of the study evaluated:
(a) maternal and child dietary diversity, dietary adequacy and the consumption of ASF;
(b) child HAZ and probability of the stunting; and,
(c) children’s “diarrhea score”.
In each case, predictor variables of interest were collated for six-month periods corresponding to
outcome variables. For livestock numbers and asset scores, log-transformations were used to minimize
the excessive influence of very large numbers. Univariable models were first used to test unconditional
associations between predictor and outcome variables. Multivariable models were constructed using
variables of suggestive significance (p < 0.1) based on univariable models, and stepwise backward
elimination was used to manually remove variables with p-values greater than 0.1 to reach the final
models. Both significant (p < 0.05) and suggestive (0.05 ≤ p < 0.1) associations have been reported.
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3. Results
3.1. Characterizing the Population
Of a total of 513 children randomly selected to participate in the study, adequate baseline data
were available for inclusion of 503 children in this analysis. An attrition rate of 16.9% was seen at the
time of final data collection in May 2016, due to relocation outside the study area (n = 39), withdrawal
from the study (n = 5), and child deaths (n = 6). Table 2 presents an overview of individual and
household characteristics at the time of baseline data collection, by ward and in the overall sample.
At enrolment, the mean age of children was 8.6 mo (range of 0.6–28.1 mo). Almost one-third of mothers
(32.5%) reported having had no formal education, and only a small number (3.4%) indicated a level of
education beyond primary school.
Table 2. Overview of study population according to baseline questionnaire responses, by ward
and overall.
Location Sanza Ward Majiri Ward Overall
Baseline data collection May 2014 Nov 2014
Enrolled households (n) 229 274 503
Sex of child, female (%) 55.5 47.4 51.1
Child age in months
Mean (SD) 9.9 (6.1) a 7.6 (4.3) a 8.6 (5.3)
Range 1.2–28.1 0.6–22.5 0.6–28.1
Maternal age in years
Mean (SD) 28.5 (7.5) a 26.8 (7.5) a 27.7 (7.6)
Range 15–50 13–54 13–54
Age unknown (%) 9.2 b 23.7 b 17.1
Maternal education (%)
No formal education 22.7 b 40.5 b 32.4
Some primary school 68.6 b 56.6 b 62.0
Some secondary school 5.7 b 1.5 b 3.4
Unspecified level 3.1 1.5 2.2
Primary language of household (%)
Kigogo 78.2 b 74.8 b 76.3
Kisukuma 6.1 b 14.6 b 10.7
Other 4.4 2.6 3.4
Unspecified 11.4 b 8.0 b 9.5
Parents of same language group (%) 92.1 95.6 94.1
Number of household members
Mean (SD) 5.6 (2.0) 5.5 (2.3) 5.5 (2.2)
Range 2–16 2–21 2–21
Female-headed households (%) 30.2 b 16.4 b 22.7
Socioeconomic status, median (IQR)
Non-livestock and livestock assets, HDAI 12 (5–51) 26 (7–115) 19 (7–76)
Non-livestock assets only, NLAI 7 (3–11) 9 (3–13) 9 (3–12)
Livestock ownership (%)
Cattle 26.7 b 36.2 b 31.8
Sheep or goats 27.1 b 47.8 b 38.3
Chickens 51.1 b 42.1 b 46.3
Number of livestock, median (IQR) c
Cattle 4 (2–17) a 10 (4–20) a 7 (4–20)
Sheep or goats 14 (7–20) 12 (5–25) 12 (6–24)
Chickens 7 (2–13) 8 (5–13) 8 (4–13)
Improved water source (%) 2.6 2.2 4.9
Improved toilet facilities (%) 3.1 b 0.4 b 1.6
Significant differences between wards (p < 0.05), as determined by a t-tests and b chi-square tests. c Amongst
households owning livestock, by category.
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Of approximately 120 language groups within Tanzania [51], 22 were represented within the
study population. Kigogo was the primary language for 75.7% of households and Kisukuma the primary
language for 9.1%. For a large majority of enrolled children, both parents shared their first language
(94.1%). Households included a mean number of 5.5 members (range of 2–21), and 22.7% reported
a female head of household. Less than 5% of households reported accessing an improved water
source at the time of baseline data collection, less than 2% used improved toilet facilities, and almost
three-quarters (72.7%) shared toilet facilities with one or more other households.
3.2. Livestock and Household Wealth
The index of livestock and non-livestock assets (HDAI) varied widely across the study sample,
with a markedly positively-skewed distribution. The median HDAI in Majiri Ward was more than
twice that in Sanza Ward (26 vs. 12), while wealth assessments based on non-livestock assets varied less
prominently. Ruminants were more commonly kept in Majiri than in Sanza (36.2% vs. 26.7%, p = 0.024
for cattle; 47.8% vs. 27.1%, p < 0.001 for sheep and goats), and cattle numbers significantly greater
(median herd size of 10 in Majiri vs. 4 in Sanza, p = 0.012). Baseline data suggested chicken-keeping to
be more common in Sanza than in Majiri, however the differing months of data collection and seasonal
variation in chicken numbers prevents conclusions being drawn using these data.
Based on data collated over the entire study period, 70.8% of households owned some
form of livestock, with chickens kept by 55.0%, sheep and goats by 38.4% and cattle by 31.5%.
Almost two-thirds of chicken-keeping households (64.2%) reported chickens to be kept inside their
home overnight, rather than in a chicken house or left to roost in trees. Categorizing livestock
ownership according to the “livestock ladder”, around one-quarter of participating households (25.3%)
kept only chickens; 14.0% kept sheep or goats, with or without chickens but without cattle; and 31.5%
kept cattle, with or without other livestock.
Accounting for geographic clustering and individual household effects, the non-livestock index
(NLAI) was positively associated (p < 0.001) with the probability of owning each category of
animals—however the extent of this association varied between species (Figure 2). Households
in the lowest quintile were identified to have a 0.44 probability of owning chickens, compared with a
0.12 probability of owning sheep or goats and a 0.07 probability of owning cattle. The comparative
increase in the likelihood of animal ownership with increasing non-livestock wealth also varied
between livestock categories. A household in the highest quintile had 21.2 times greater odds of
owning cattle, 9.6 times greater odds of owning sheep or goats, and 4.1 times greater odds of owning
chickens, compared to a household in the lowest quintile.
Figure 2. Probability of owning livestock, according to quintiles of the non-livestock asset index (NLAI).
For all categories of animals—(a) chickens, (b) sheep and goats, and (c) cattle—the NLAI was positively
associated with the probability of ownership (p < 0.001). Standard errors are shown.
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Positive associations were also found between the livestock ladder and the NLAI (p < 0.001).
Model-based means show markedly greater non-livestock wealth amongst households in the highest
tier of the livestock ladder (i.e., those owning cattle), compared to other groups (Figure 3a). Ownership
of chickens, small ruminants and cattle was associated with substantially higher mean non-livestock
wealth scores, compared to not owning each form of livestock (Figure 3b).
Figure 3. Model-based mean non-livestock asset index scores according to: (a) levels on the livestock
ladder, and (b) ownership of chickens, sheep or goats, and cattle. Standard errors are shown.
3.3. Maternal and Child Diets
3.3.1. Dietary Diversity and Animal-Source Food Consumption
The mean DD score across all data collection periods was 3.8 (SD 1.4) for mothers, 3.0 (SD 1.3)
for breastfed children and 3.7 (SD 1.1) for non-breastfed children (Figure 4). Despite similarity in
the number of food groups eaten, the percentage of non-breastfed children meeting cut-offs for an
“adequately diverse” diet (55.6%, based on ≥ 4 of 7 food groups) was double that of their mothers
(27.1%, ≥ 5 of 10 food groups). Dietary adequacy amongst women increased across successive data
collection periods, from 18.4% in November 2014 to 39.4% in May 2016. Similar increases for breastfed
(21.3% to 66.7%) and non-breastfed children (34.7% to 68.6%) were noted.
Figure 4. Mean dietary diversity scores of (a) mothers (using MDD-W indicator); and (b) breastfed
and (c) non-breastfed children (both using IYCMDD indicator), overall and for each six-monthly data
collection. Light grey shading indicates the number of food groups. Standard errors are shown.
Consumption of eggs and chicken meat was very uncommon (2.1% mothers for each item, across
all records), and markedly less common than other forms of meat or fish (25.4%) and milk (19.7%).
Milk consumption varied prominently between data collection periods. With the exception of the
small number of breastfed children in May 2016 (n = 21), records indicate milk to be more commonly
consumed during May than in November (Figure 5).
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Figure 5. Percentage of (a) mothers, (b) breastfed children, and (c) non-breastfed children with adequate
diets (according to MDD-W and IYCMDD, respectively) and consuming animal-source foods, based
on six-monthly 24-h food recall, overall and for each six-monthly data collection. 95% confidence
intervals are shown. Low numbers of non-breastfed children during early data collection periods, and
of breastfed children later in this longitudinal study, have resulted in wide confidence intervals for
some percentages reported.
3.3.2. Univariable and Multivariable Models
Unconditional associations between predictor variables of interest and dietary outcomes are
included in Appendix B (Table A2). Several measures of chicken ownership were significantly
associated with positive dietary outcomes in univariable models; however, a majority of these were not
significant in multivariable models (Table 3). For example, despite positive unconditional associations
(p < 0.001) between the number of chickens owned by a household and DD scores for mothers and
breastfed children, no significant associations were identified when controlling for household wealth.
One notable exception to this pattern was the consumption of ASF by women, which was positively
associated with both the number of chickens (p = 0.009) and cattle (p = 0.005) owned, but not with
measures of wealth based on other assets (p = 0.190).
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Table 3. Multivariable models a for maternal and child dietary adequacy, dietary diversity and ASF
consumption, showing p-values and the direction of significant (p < 0.05) and suggestive (0.05 ≤ p < 0.1)
associations. Grey shading indicates significant and suggestive associations in univariable models






Any Chicken Egg Milk
(a) Mothers
Month of dietary assessment, May <0.001 (+) <0.001 (+) 0.006 (+) NS NS <0.001 (+)
Maternal age NS 0.067 (−) NS NS 0.092 (−) NS
Maternal formal education, yes NS NS NS NS NS NS
Breastfeeding, yes NS NS NS NS NS NS
Sex of household head, female NS 0.068 (+) NS NS <0.001 (+) 0.014 (−)
Number of household members NS NS NS NS NS NS
Language group, Sukuma NS NS 0.032 (+) NS NS <0.001 (+)
Household domestic asset indexc,d 0.002 (+) < 0.001 (+) NS 0.058 (+) 0.005 (+) NS
Chickens owned, yes NS NS NS NS NS NS
Chickens, above median number 0.023 (+) e NS NS NS NS NS
Chickens, number owned c 0.032 (+) e NS 0.009 (+) 0.053 (+) NS NS
Cattle owned, yes NS NS NS NS NS NS
Cattle, above median number NS NS NS NS NS NS
Cattle, number owned c NS NS 0.005 (+) NS NS <0.001 (+)
(b) Breastfed children
Month of dietary assessment, May 0.002 (+) 0.057 (+) NS NS NS 0.028 (+)
Child age <0.001 (+) <0.001 (+) NS NS NS NS
Sex of child, female NS NS NS NS NS NS
Maternal formal education, yes NS NS NS NS NS NS
Sex of household head, female NS NS NS NS 0.032 (+) NS
Number of household members NS NS NS NS NS NS
Language group, Sukuma 0.046 (+) NS 0.014 (+) NS NS 0.002 (+)
Household domestic asset index c,d NS 0.002 (+) < 0.001 (+) NS <0.001 (+) NS
Chickens owned, yes NS NS NS NS NS NS
Chickens, above median number NS 0.039 (+) NS NS NS NS
Chickens, number owned c NS NS 0.083 (+) 0.016 (+) NS NS
Cattle owned, yes NS NS NS NS NS 0.010 (+) f
Cattle, above median number NS NS NS NS NS <0.001 (+) f
Cattle, number owned c <0.001 (+) NS NS NS NS <0.001 (+) f
(c) Non-breastfed children
Month of dietary assessment, May <0.001 (+) <0.001 (+) 0.003 (+) NS NS <0.001 (+)
Child age NS NS NS NS NS NS
Sex of child, female 0.045 (−) 0.066 (−) 0.014 (−) NS NS NS
Maternal formal education, yes NS NS NS NS NS NS
Sex of household head, female NS NS NS NS NS NS
Number of household members NS NS NS 0.080 (+) 0.059 (−) NS
Language group, Sukuma NS NS 0.002 (+) NS NS <0.001 (+)
Household domestic asset index c,d NS NS NS NS 0.023 (+) NS
Chickens owned, yes NS NS NS NS NS NS
Chickens, above median number NS NS NS NS NS NS
Chickens, number owned c NS 0.038 (+) NS NS NS NS
Cattle owned, yes NS NS NS NS NS 0.003 (+)
Cattle, above median number NS NS NS NS NS 0.050 (+)
Cattle, number owned c NS NS NS NS NS <0.001 (+)
a Generalized linear mixed models using binomial distribution, allowing for geographic clustering and longitudinal
data; b Binomial totals of 10 for women (MDD-W) and 7 for children (IYCMDD); c log-transformed variables used
to minimize excessive influence of large numbers; d Cattle and chickens excluded from HDAI, evaluated as separate
predictor variables; e Two alternative models were constructed, one using the number of chickens owned and
one using above-/below-median flock size, each together with the month of dietary assessment and HDAI (for
which p-values remained unchanged); f Three alternative models were constructed, one using cattle ownership as a
dichotomous variable, one using above-/below-median cattle herd size and one using the number of cattle owned,
each with the month of dietary assessment and language group (for which p-values remained unchanged).
In final multivariable models (Table 3), across all participant groups, no significant differences
in dietary outcomes were detected between categories of chicken-keeping and non-chicken-keeping
households. In two models, one assessing the probability of dietary adequacy for mothers and one
evaluating DD scores amongst breastfed children, positive associations were identified with ownership
of greater than the median number of chickens (i.e., more than four birds). The number of chickens
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owned by a household, tested as a continuous variable, was also positively associated with DD scores
for non-breastfed children (p = 0.038), and chicken consumption by breastfed children (p = 0.016), and
suggested to be positively associated with chicken consumption by mothers (p = 0.053).
In all three participant groups, egg consumption was not associated with chicken ownership,
but rather with the adjusted HDAI. Despite infrequent egg consumption across the study population,
mothers in the highest wealth quintile were identified to have 16.5 times greater odds of consuming
eggs than those in the lowest quintile (0.038 probability vs. 0.002), and breastfed children in the highest
quintile to have 17.9 times greater odds than those in the lowest quintile (0.053 vs. 0.003). In contrast
to the lack of association between chicken ownership and egg consumption, cattle numbers were a
strong predictor of milk consumption for all groups (p < 0.001), allowing for the influence of season
and language group (with households identifying as Sukuma significantly more likely to consume
milk (p < 0.001 for mothers and non-breastfed children, p = 0.002 for breastfed children)).
For all groups, significant variation in DD scores, dietary adequacy and milk consumption were
seen between months of dietary assessments. Diets were more diverse and more likely to meet
thresholds for dietary adequacy, and milk more likely to be consumed in May (shortly after the end of
the rain season) than in November. No significant associations were detected between household size
or mothers’ formal education and diets.
Both women and breastfed children were more likely to consume eggs in a female-headed
household compared with a male-headed one (p < 0.001 and p = 0.032, respectively). While model-based
predictions were low across all groups, breastfed children in female-headed households were
determined to have 2.6 times greater odds of consuming eggs, compared to those in male-headed
households (0.041 probability vs. 0.016). Being part of a female-headed household was also suggested
to be associated with higher DD scores for women (mean of 3.90 vs. 3.74 for male-headed households,
p = 0.068), but a lower likelihood of consuming milk (p = 0.011), controlling for variation in cattle
ownership and language group.
Increasing child age was significantly associated with higher DD scores (p < 0.001) and a higher
probability of an adequately diverse diet (p < 0.001) for breastfed children, but not for non-breastfed
children. Across the range of dietary outcomes evaluated, gender-based differences were only evident
amongst the non-breastfed group. Male children were significantly more likely to meet the cut-off for
dietary adequacy (p = 0.045) and to consume ASF (p = 0.014), and suggested to have higher DD scores
(p = 0.066), compared to female children.
3.4. Height-for-Age and Diarrhea in Children
3.4.1. Prevalence of Stunting
Summaries of anthropometric data were disaggregated by ward and by time period (Table 4).
The prevalence of stunting increased from 36.8% to 49.5% over the first three data collection periods
in Sanza Ward, reducing to 39.8% at the time of the final data collection. In Majiri Ward, where the
mean age of children was lower at enrolment (7.6 mo vs. 9.9 mo; p < 0.001), a continuing increase in
the prevalence of stunting was seen over successive data periods, from 28.3% to 53.0%.
3.4.2. Univariable and Multivariable Models
As for dietary outcomes, univariable models were first used to test unconditional associations
between demographic, socioeconomic and livestock-associated variables and (a) HAZ, (b) probability
of stunting, and (c) diarrhea in children. Variables relating to the consumption of ASF by children
during the day prior to anthropometry were also included. These short-term dietary indicators
are unlikely to be associated with long-term outcomes such as HAZ; however, the potential for
patterns to be identified at a population level was considered adequate to warrant their consideration.
Unconditional associations based on univariable analysis are included in Appendix B (Table A3).
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Table 4. Overview of height-for-age Z-scores (HAZ) and the percentage of stunting amongst enrolled
children, by ward and by data collection period.
Mean HAZ (SD) % Stunting n
Sanza Ward
May 2014 −1.52 (1.13) 36.8 220
Nov 2014 −1.63 (1.18) 34.5 200
May 2015 −2.02 (1.14) 49.5 202
Nov 2015 −1.98 (1.05) 48.2 191
May 2016 −1.77 (1.05) 39.8 201
Majiri Ward
Nov 2014 −1.45 (1.21) 28.3 272
May 2015 −1.86 (1.05) 41.4 261
Nov 2015 −1.99 (0.98) 49.6 234
May 2016 −2.16 (1.00) 53.0 217
Children’s age, gender, diarrhea frequency, household language group and NLAI quintiles were
significantly associated with HAZ within univariable linear mixed models (Table A3), and remained
significant at the 5% level in a multivariable model (Table 5). Height-for-age Z-scores were negatively
associated with increasing child age, the male gender, more frequent diarrhea, language groups other
than Sukuma, and lower NLAI scores. Of the livestock and dietary variables identified as being
significantly or suggestively associated with HAZ in univariable models, none were significant in
multivariable models. These included the number of chickens owned by a household (p = 0.960 in
multivariable model), livestock ownership as a bivariate categorical variable (p = 0.409), and children’s
consumption of milk (p = 0.802) or meat or fish (p = 0.236) during the previous day.
Similar associations were found when evaluating stunting as a binary outcome, with a higher
probability of stunting linked to increasing age, male children, language groups other than Sukuma and
lower asset scores, and no significant associations with any livestock or dietary variables. Univariable
analysis indicated a suggestive association with the HDAI (livestock and non-livestock assets), but it
was the NLAI (non-livestock assets only) which was highly significantly associated (p < 0.001) with
the probability of stunting in both uni- and multivariable models (Tables 5 and A3). Particularly poor
outcomes were associated with the lowest NLAI quintile, including 2.1 times greater odds of stunting
compared to children in the middle quintile, and 3.1 times greater odds than those in the highest
quintile (Figure 6).
Figure 6. The non-livestock asset index was significantly associated with the probability of child
stunting, with a significantly higher likelihood identified amongst the lowest wealth quintile (p < 0.001).
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Table 5. Multivariable models for height-for-age Z-scores (HAZ) a, probability of stunting (HAZ < −2)
b and diarrhea frequency b in children, showing p-values and the direction of significant (p < 0.05)
and suggestive (0.05 ≤ p < 0.1) associations. Grey shading indicates significant and suggestive
associations in univariable models (Table A3), and “NS” denotes non-significant associations in final
multivariable models.
Predictor Variables HAZ Stunting Diarrhea
Child age <0.001 (−) <0.001 (+) <0.001 (−)
Sex of child, female 0.022 (+) 0.002 (−) NS
Diarrhea frequency <0.001 (−) NS N/A
Height-for-age Z-score N/A N/A NS
Month of data collection, May c NS NS NS
Sex of household head, female NS NS NS
Number of household members NS NS NS
Maternal formal education, yes NS NS NS
Household language group, Sukuma <0.001 (+) 0.002 (−) NS
Improved water source NS NS NS
Improved toilet facility NS NS NS
Household domestic asset index
Livestock and non-livestock assets d NS NS NS
Non-livestock assets only d NS <0.001 (−) f NS
Non-livestock assets only, quintiles 0.009 (+) <0.001 (−) f NS
Livestock
Livestock owned, yes NS NS NS
“Livestock ladder” e NS NS NS
Chickens owned, yes NS NS NS
Chickens, above median NS NS NS
Chickens, number owned d NS NS NS
Chickens, location of overnight housing NS NS NS
Sheep or goats owned, yes NS NS NS
Sheep or goats, above median NS NS NS
Sheep or goats, number owned d NS NS NS
Cattle owned, yes NS NS 0.014 (−)
Cattle, above median NS NS NS
Cattle, number owned d NS NS NS
Children’s diet, previous 24 h
ASF consumption, yes NS NS NS
Chicken meat consumption, yes NS NS 0.059 (−)
Other meat or fish consumption, yes NS NS NS
Egg consumption, yes NS NS NS
Milk consumption, yes NS NS 0.007 (+)
a Linear mixed models, allowing for geographic clustering and longitudinal data; a Generalized linear mixed
models using binomial distribution, allowing for geographic clustering and longitudinal data; c log-transformed
variables used to minimize excessive influence of large numbers; d Two data collection months: May and November.
Rainfall typically occurs between November and April in this area.; e Levels of livestock ownership (the “livestock
ladder”): (1) none, (2) chickens only, (3) small ruminants +/− chickens, no cattle, (4) cattle +/− chickens and small
ruminants; f Two alternative models were constructed, one using the NLAI as a continuous variable and one using
the NLAI as quintiles, each together with the age and sex of child and household language group (p-values for these
latter variables remained unchanged).
Multivariable models revealed a significantly lower likelihood of diarrhea with increasing child
age (p < 0.001). Ownership of cattle was associated with a small but significant reduction in the
probability of child diarrhea (p = 0.021), with a 0.036 probability of diarrhea in a given fortnight
for a child in a cattle-owning household, compared to a 0.045 probability in a household without
cattle (Figure 7a). Controlling for child age and cattle ownership, however, milk consumption was
linked to an increased probability of diarrhea (p = 0.007), based on a single 24-h dietary assessment
conducted in each six-month period of diarrhea records (Figure 7b). There was also a suggestive
association (p = 0.059) between consumption of chicken meat and a lower probability of child diarrhea.
When variables related to chicken-keeping were tested in the same model, no significant difference
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in the number of records of child diarrhea was evident according to chicken ownership (p = 0.305),
chicken flock size (p = 0.498), or the practice of keeping chickens inside the home overnight (p = 0.550).
Figure 7. Probability of child diarrhea being reported in a given two-week period, according to
(a) household cattle ownership, and (b) children’s consumption of milk or (c) chicken meat the previous day.
4. Discussion
4.1. Seasonal and Temporal Variation in Diets
The opportunity to detect seasonal influences on diets has been limited by the two-year span
of data. Seasonality is a key determinant of dietary adequacy in many vulnerable rural households,
yet is sometimes overlooked in dietary assessments [52]. In this setting, where rain-fed agriculture is
the predominant source of income and food, there is a risk of food shortage between the depletion of
one year’s cereal stocks and the following year’s harvest. Poultry mortality due to disease outbreaks,
with signs consistent with Newcastle disease, are most common between July and November in
this area [53] and may also contribute to seasonal fluctuations in the availability of food resources
and assets.
Of the months when dietary assessments were conducted, May would typically be a time of
greater food availability (due to recently-harvested crops and associated income, and a lower risk
of chicken mortality) and November a time of food scarcity for less resilient households (when crop
supplies have been depleted, income-earning opportunities are scarce, and losses due to Newcastle
disease likely amongst unvaccinated chicken flocks). However, daily rainfall records indicate the
2014–2015 rain season to have been particularly poor, with a total rainfall of 447 mm (30 days) in
Sanza Ward and 275 mm (21 days) in Majiri Ward, substantially lower than the long-term mean annual
rainfall of 624 mm (49 days) for the district [39]. A poor harvest is likely to have resulted in lower
dietary diversity in May 2015 than would be common at this time of year.
While graphical summaries suggest increasing levels of dietary adequacy over time (Figure 5),
this is likely to reflect diversification of children’s diets with age (p < 0.001). Increasing age was
associated with higher DD scores and a higher probability of dietary adequacy amongst breastfed
children, but this did not continue beyond the point of weaning. Multivariable models, controlling
for children’s age, confirm the month of assessment to be highly significantly associated with dietary
diversity scores, dietary adequacy and milk consumption for children and their mothers (Table 3)
reflecting the expected improved diets in May compared to November.
4.2. Chicken-Keeping and Diets
Egg consumption was documented in only 3.2% of all records for breastfed children, 2.1% for
women and 1.6% for non-breastfed children—even lower than the 5.2% reported amongst children
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under two years in the most recent national dietary assessment [54]. Associations between egg
consumption and household wealth, but not chicken-keeping, suggest it is the financial capacity to
purchase eggs through markets—rather than access to eggs from their own hens—which determined
consumption frequency during this period. This supports findings elsewhere in African communities
accustomed to high levels of mortality in scavenging chicken flocks, where households prioritize
the hatching of eggs for replacement stock and retention of chickens for sale in times over home
consumption [55,56]. Previous qualitative work in the study setting found no currently-held beliefs or
cultural constraints to explain provide other explanations for infrequent egg consumption [57].
A significant increase in the likelihood of breastfed children consuming chicken meat with
increasing chicken flock size, and a suggestive increase in the case of women, is encouraging. It is
likely that initial unconditional associations between larger chicken flocks and improved dietary
outcomes (such as higher DD scores) are due to flock size acting as a proxy for socioeconomic status.
The significance of this association disappeared in a majority of the multivariable models, as alternative
measures of household wealth were included. One exception to this was the finding of a greater
likelihood of women consuming ASF with increasing numbers of chickens and cattle, but not with
wealth estimation based on other assets.
In the case of cattle, this effect is likely to reflect access to milk (as shown in the specific model for
milk consumption). Based on low levels of chicken meat and egg consumption, however, alternative
mechanisms through which women’s ASF consumption might benefit from chicken ownership should
be considered. Motivations for chicken-keeping in resource-poor settings include opportunities to
store wealth in a form which is readily-accessible to meet immediate household needs, including
education and medical expenses, and items such as cooking oil, soap or clothing for children [55].
It may also be the case that, even if poultry products are rarely eaten at home, the sale of chickens may
facilitate access to other forms of ASFs—fresh or dried fish, other forms of meat, or milk—through
local markets.
4.3. Livestock and Child Growth
For 39.6% of study participants, livestock constituted more than three-quarters of their household’s
wealth, yet none of the measures of livestock-keeping tested were associated with children’s
height-for-age. It was notable that a reduced probability of stunting was associated with the
non-livestock asset index, but not with the combined measure of livestock and non-livestock
wealth. The concept of the “livestock ladder” emphasizes the role of livestock-keeping in poverty
alleviation [32], and posits that increasing economic benefits are derived from keeping larger livestock
species [58]. Since no negative associations between animal ownership and stunting were found, the
observed dilution effect of including livestock in estimations of wealth indicate that these suggested
economic benefits have not translated to improved growth outcomes for children in this setting during
the study period.
Livestock-keeping in resource-poor settings is often not oriented towards production for
market [6]. Animals represent financial savings and, particularly in the case of cattle, social status.
Animal numbers may increase through the retention of offspring, adding to household wealth, but such
assets may contribute little to children’s diets and growth. In this study, the non-livestock asset index
was based on items such as mobile phones, radios, and bicycles, which demonstrate past expenditure
and may serve as a better proxy for households’ purchasing behavior. A demonstrated association
between this index and lower levels of stunting may reflect the utilization of economic resources to
address underlying determinants of nutritional status, through nutritious food purchases, medical
expenses or an improved home environment.
This argument is countered by the finding of increased milk consumption by children with
increasing numbers of cattle, signifying greater access to a food item which has been shown to improve
linear growth amongst stunted children [59]. Quantitative dietary assessments were not conducted,
but the volume of milk consumed is likely to be relatively low in this setting, particularly in times of
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limited feed and water availability for cattle, and perhaps insufficient to influence growth. It is also
possible that the lack of significance of cattle ownership for child height-for-age may signify the net
effect of nutritional benefits of increased milk consumption being counteracted by undocumented
adverse impacts, such as EED.
4.4. Livestock and Child Diarrhea
Twice-monthly records of child diarrhea and information on chicken numbers and housing
location have provided an opportunity to explore associations more deeply than has been possible
through analyses based on multi-purpose national surveys [24,27]. Keeping chickens inside human
dwellings overnight is a common practice in this project setting, reported by over two-thirds (64.2%)
of chicken-keeping households and more than a third (35.3%) of all those with a child enrolled in this
study. Chicken houses may be damaged or destroyed by heavy rainfall during the wet season, and
there is often little incentive to construct or repair these facilities when rates of chicken mortality are
high and poultry-keeping is not a priority livelihood activity.
When relationships were tested between longitudinal child diarrhea records and households’
ownership of chickens, chicken flock size and the location of overnight chicken housing, no significant
associations were identified. In the case of cattle, ownership was associated with a small but
significantly lower probability of diarrhea; however, milk consumption the previous day was linked to
an increased incidence of child diarrhea. The potential for milk contamination with zoonotic pathogens
or aflatoxins [60–62] to have negatively affected linear growth [24], cannot be excluded and, although
highly speculative within this study, warrants closer investigation.
In a setting where infants and young children commonly accompany their mother to agricultural
plots or are left in the care of older siblings, neighbors or relatives, opportunities for exposure to
poultry feces within the homestead or broader environment are frequent, and not restricted to those
households keeping chickens. It is therefore possible that free-ranging village chickens present an
opportunity for “community-wide” adverse child health impacts which have not been detected in
this study.
4.5. Gender and Nutrition
Much attention is given to the role of women as key mediators of agriculture-nutrition linkages.
Consideration of the gender of the “household head” has attracted some criticism, because of the
ambiguity in defining this role, its implication of a hierarchical relationship, and the common gender
bias whereby the oldest male household member is taken as the “head” [63,64]. Assumptions about
vulnerability based on this concept have also been questioned, with female-headed households at
very low levels of income in Kenya shown to adopt successful coping strategies and achieve higher
weight-for-age of preschool-aged children than wealthier male- and female-headed households [65].
In the present study, both women and their breastfed children were more likely to consume
eggs in households identifying as female-headed. This may reflect women’s greater autonomy in
decision-making or differing priorities for resource allocation, compared to male-headed households.
There were no significant gender-based differences in breastfed children’s diets; however, amongst
non-breastfed children, boys were more likely than girls to receive an adequately diverse diet and
to consume ASF. Preferential treatment of sons over daughters has been commonly reported in
ethnographic and demographic research [66]. Studies in South Asia indicate that biased food allocation
which favors male children is more apparent amongst higher wealth groups, and least evident amongst
the very poor [67]. A puzzling situation exists in this study where male children were associated with
some improved dietary indicators, and also with lower HAZ and a higher probability of stunting,
compared with female children.
Gender-based differences in stunting, with poorer growth amongst boys, have been reported
in several studies in sub-Saharan Africa [68–70]. The cause of this disparity is not well understood,
particularly given that cases of female-biased parental investment have been rarely documented [66].
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A meta-analysis of 60 national surveys from sub-Saharan Africa found no evidence of gender-based
differences in breastfeeding duration or maternal health-seeking behaviors, based on rates of
vaccination and the use of oral rehydration therapy [71]. The authors contended that biological
differences (a concept not further elaborated in the review) may account for gender-based inequalities
in the prevalence of stunting. The current study’s finding of improved growth outcomes for girls,
despite evidence of dietary practices which favor male children, appears to support this theory.
4.6. Limitations of This Study
Low and abnormally-timed rainfall over two consecutive rain seasons resulted in an unforeseen
level of mobility amongst participating households, with a drastically reduced harvest prompting
some to relocate outside the area to pursue alternative livelihood strategies. This contributed to
an attrition rate of 16.9% over the study period. The potential for attrition-related bias, in which
the characteristics of those lost to follow-up is associated with the outcome of interest, has been
suggested as a consideration for losses of between 5–20% of participants [72]. With increasing weather
variability in the future, studies of populations reliant on rain-fed agriculture should adjust sample
size calculations in recognition of the potential for increased participant drop-out, and consider the
implications of more vulnerable, resource-poor segments of a population being lost from the study.
A further limitation of this study has been the reliance on self-report of diarrhea. Recall periods
of longer than two days have been associated with under-reporting of diarrhea, particularly milder
episodes and amongst older children [73]. Given the regularity of data collection over an extended
period in this study, the influence of respondent or enumerator fatigue is possible. However,
the potential biases of inaccurate recall and recording are considered to be systemic and unlikely to
influence associations between diarrhea frequency and livestock ownership. The use of well-regarded
community members for ongoing data collection and monthly field visits by the Tanzanian research
team are hoped to have contributed to maintaining positive relationships with study participants, and
avoiding the pitfalls of “parachute research” [74].
5. Conclusions
The potential for livestock-keeping to sustainably improve food and nutrition security has long
been recognized, yet (as for other agricultural interventions [75]) impact has been notoriously difficult
to demonstrate. To address the key question of whether chicken-keeping has an impact on the growth
of young children in this setting, use of height-for-age as an outcome measure sought to encompass
multiple dimensions of children’s health, development, and environment. On balance, there were no
significant associations between HAZ and chicken ownership, when the latter was defined (a) as a
dichotomous categorical variable, (b) using a threshold approach, (c) in terms of chicken flock size,
and (d) accounting for overnight housing location. While the potential for community-wide effects
related to free-roaming poultry cannot be ruled out, this study importantly (and of substantial practical
significance if confirmed) found no indication of a heightened risk of stunting or greater frequency of
diarrhea being associated with chicken ownership or the practice of keeping chickens within human
dwellings overnight.
Livestock ownership was closely linked to socioeconomic status in this population; however,
controlling for other forms of wealth, analyses have detected no influence of any categories of livestock
on children’s growth. This raises questions as to whether the economic benefits of climbing the
“livestock ladder” translate into nutritional benefits for children, yet methodological constraints and
challenging weather patterns during the study period must be acknowledged. Alongside two years
of poor rainfall and dramatic crop losses, it is likely that the multiple and diverse household needs
met by livestock-keeping have not included adequate ASF consumption or dietary diversification to
influence children’s growth during this time.
Chicken ownership was significantly associated with more frequent consumption of ASF by
women and chicken meat by young children. Although chicken-keeping was not a significant
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determinant of additional dietary outcomes, contributions to socioeconomic status and resilience
should not be overlooked. Improved water, sanitation and hygiene practices are central to efforts to
reduce stunting; however, there is a need for careful consideration before warning against livestock
ownership by vulnerable households or proposing substantial changes in livestock management
practices. For example, confining chickens to enclosures will increase production costs and labor
inputs, particularly for women, and will reduce their accessibility to poor families.
As efforts to support rural households to enhance dietary quality continue, questions about
the complex and multiple linkages between livestock and human nutrition will endure. In this
study, findings of no net benefit of cattle ownership on child growth despite a strong positive
association with milk consumption warrant further investigation using mixed-methods approaches.
While contributions of chicken-keeping to diets were limited during the study period, it is encouraging
that no adverse impacts have been found. Integrated, multi-sectoral approaches will be central to
increasing chicken flock size in vulnerable households, building resilience in the face of increasing
weather variability, and developing nutritional messaging to promote home consumption of chicken
meat and eggs, in order to harness the nutritional potential of chicken-keeping in support of children’s
growth and development.
Funding: This study was funded by the Australian Centre for International Agricultural Research (ACIAR; project
FSC/2012/023). Financial support for open-access publication was provided by the Natural Resources Institute of
the University of Greenwich, United Kingdom.
Acknowledgments: The authors gratefully acknowledge the support of the Government of Tanzania, and
all partners involved in the development and implementation of this research. Particular thanks is given
to those involved in the study design and research tool development, including Judy Simpson, Mu Li
and Robyn McConchie (University of Sydney); and project implementation, including Geofrey Kiswaga
(Manyoni District Council), Elpidius Rukambile and Msafiri Kalloka (Tanzania Veterinary Laboratory Agency),
Elizabeth Lyimo (Tanzania Food and Nutrition Centre) and Deorinidei Mng’ong’o (Manyoni District Hospital).
We would especially like to thank the women, children and households participating in this research, as well as
local leaders and enumerators.
Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.
Abbreviations
EED environmental enteric dysfunction
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mo months of age
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Appendix A
Table A1. Descriptions for predictor and outcome variables evaluated.
Variable(s) Description
Child Age • From maternal recall; verified against clinic health records if available
Gender • Male or female
HAZ • From six-monthly length or height measurements [41]
Diarrhea score • From ratio of positive records of diarrhea, as reported by child’s mother or
primary caretaker, to total number of records per child
Mother and child
Dietary diversity • Number of food groups reported as consumed by mothers (of 10 groups [40])
and children (of 7 groups [43]) during day or night prior to interview
Dietary adequacy • Dichotomous variable, based on minimum cut-offs for women (≥5 of 10 food
groups [40]) and children (≥4 of 7 groups [43])
ASF consumption
• Dichotomous variables, according to reports of food consumed during the
day or night prior to interview. Categories considered are eggs, chicken meat,
other meat and fish, and milk.
Household
demographics




• Dichotomous variable for no formal education vs. some level of primary or
secondary school education
Household size
• Total number of household members, with a household defined as people
living together and sharing food at least three days of each week for the
previous six months [45].
Household head • Male or female, as reported by questionnaire respondent (any household
member > 16 years of age; intended even numbers of men and women).
Household
language group
• Dichotomous variable distinguishing the Kisukuma language group from
other groups; determined from the first language (“mother tongue”) of both
parents of enrolled children and the gender of the household head.
Water and sanitation
Water source • Categorized as improved or unimproved [49]





• Weighted sum of livestock and non-livestock assets, according to their
relative value using a system developed for use in sub-Saharan Africa [46]
• For dietary models: Chickens and cattle were excluded from the HDAI, to test
their association with dietary outcomes separately.
Non-Livestock
Asset Index (NLAI)
• Weighted sum of non-livestock assets only [46]
• For stunting and diarrhea models: NLAI used rather than HDAI, to control for
non-livestock wealth while testing a range of livestock variables separately as
predictors of growth and diarrhea in children.
Livestock ownership Livestockownership • Dichotomous variable (yes / no) for owning any form of livestock
Cattle ownership
1. Dichotomous variable (yes / no) for owning cattle
2. Dichotomous variable for owning more or less than the median number of
cattle in this population (i.e., > 7 vs. ≤ 7)
3. Number of cattle owned.
Small ruminant
ownership
1. Dichotomous variable (yes / no) for owning sheep or goats
2. Dichotomous variable for owning more or less than the median number of
sheep or goats in this population (i.e., > 11 vs. ≤ 11)
3. Number of sheep or goats owned
Chicken ownership
For dietary models, based on chicken ownership during the
month of dietary assessment. For stunting and diarrhea models, based on ownership
over the six-month periods preceding each round of anthropometry. In both cases:
1. Dichotomous variable (yes / no) for owning chickens
2. Dichotomous variable for owning more or less than the median number of
sheep or goats in this population (i.e., >11 vs. ≤11)
3. Number of sheep or goats owned
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Appendix B
Table A2. Univariable models a evaluating the significance of predictor variables for maternal and
child dietary adequacy, dietary diversity and ASF consumption, showing p-values and the direction of






Any Chicken Egg Milk
(a) Mothers
Month of dietary assessment, May <0.001 (+) <0.001 (+) <0.001(+) 0.694 0.343 <0.001 (+)
Maternal age 0.393 0.299 0.043 (−) 0.976 0.423 0.157
Maternal formal education, yes 0.090 (+) 0.095 (+) 0.939 0.465 0.959 0.239
Breastfeeding, yes <0.001 (−) < 0.001 (−) 0.022 (−) 0.887 0.018 (+) 0.377
Sex of household head, female 0.502 0.725 0.284 0.428 0.015 (+) 0.004 (−)
Number of household members 0.815 0.944 0.864 0.213 0.689 0.016 (+)
Language group, Sukuma 0.484 0.118 0.001 (+) 0.120 0.486 <0.001 (+)
Household domestic asset index c,d <0.001 (+) <0.001 (+) <0.001 (+) 0.024 (+) 0.005 (+) <0.001 (+)
Chickens owned, yes 0.004 (+) 0.003 (+) 0.003 (+) 0.036 (+) 0.685 0.011 (+)
Chickens, above median number <0.001 (+) 0.009 (+) 0.011 (+) 0.463 0.148 0.003 (+)
Chickens, number owned c <0.001 (+) <0.001 (+) <0.001 (+) 0.013 (+) 0.159 <0.001 (+)
Cattle owned, yes 0.003 (+) 0.002 (+) <0.001 (+) 0.251 0.146 <0.001 (+)
Cattle, above median number 0.167 0.053 (+) 0.003 (+) 0.418 0.305 <0.001 (+)
Cattle, number owned c 0.003 (+) 0.001 (+) <0.001 (+) 0.137 0.070 (+) <0.001 (+)
(b) Breastfed children
Month of dietary assessment, May <0.001 (+) <0.001 (+) 0.655 0.149 0.458 0.021
Child age <0.001 (+) <0.001 (+) 0.043 (+) 0.224 0.158 0.152
Sex of child, female 0.196 0.998 0.425 0.929 0.865 0.304
Child height-for-age Z-score 0.518 0.192 0.623 0.256 0.588 0.372
Maternal formal education, yes 0.673 0.517 0.460 0.134 0.326 0.680
Sex of household head, female 0.656 0.518 0.559 0.513 0.106 0.113
Number of household members 0.075 (+) 0.142 0.361 0.591 0.391 0.018 (+)
Language group, Sukuma 0.015 (+) 0.103 0.002 (+) 0.260 0.127 <0.001 (+)
Household domestic asset index c,d <0.001 (+) 0.002 (+) <0.001 (+) 0.162 0.214 <0.001 (+)
Chickens owned, yes 0.012 (+) 0.004 (+) 0.008 (+) 0.104 0.242 0.013 (+)
Chickens, above median number 0.005 (+) <0.001 (+) 0.004 (+) 0.162 0.178 0.003 (+)
Chickens, number owned c 0.003 (+) <0.001 (+) <0.001 (+) 0.016 (+) 0.104 0.008 (+)
Cattle owned, yes 0.004 (+) 0.025 (+) <0.001 (+) 0.181 N/A <0.001 (+)
Cattle, above median number <0.001 (+) 0.020 (+) <0.001 (+) 0.289 0.704 <0.001 (+)
Cattle, number owned c <0.001 (+) 0.004 (+) <0.001 (+) 0.182 0.048 (+) <0.001 (+)
(c) Non-breastfed children
Month of dietary assessment, May <0.001 (+) <0.001 (+) 0.003 (+) 0.849 0.834 <0.001 (+)
Child age 0.138 0.023 (+) 0.884 0.163 0.045 (−) 0.950
Sex of child, female 0.123 0.180 0.015 (−) 0.799 0.328 0.288
Child height-for-age Z-score 0.044 (+) 0.060 (+) 0.568 0.434 0.976 0.323
Maternal formal education, yes 0.165 0.237 0.332 0.536 0.968 0.212
Sex of household head, female 0.307 0.892 0.565 0.482 0.266 0.082 (−)
Number of household members 0.789 0.709 0.924 0.080 (+) 0.185 0.116
Language group, Sukuma 0.289 0.063 (+) 0.003 (+) 0.231 0.751 <0.001 (+)
Household domestic asset index c,d 0.667 0.098 (+) 0.287 0.365 0.075 (+) 0.004 (+)
Chickens owned, yes 0.215 0.119 0.375 0.402 0.654 0.145
Chickens, above median number 0.725 0.097 (+) 0.169 0.998 0.432 0.021 (+)
Chickens, number owned c 0.361 0.025 (+) 0.056 (+) 0.521 0.103 0.007 (+)
Cattle owned, yes 0.491 0.111 0.090 (+) 0.600 0.629 <0.001 (+)
Cattle, above median number 0.768 0.531 0.051 (+) N/A 0.554 <0.001 (+)
Cattle, number owned c 0.780 0.124 0.024 (+) 0.846 0.517 <0.001 (+)
a Generalized linear mixed models using binomial distribution, allowing for geographic clustering and longitudinal
data; b Binomial totals of 10 for women (MDD-W) and 7 for children (IYCMDD); c log-transformed variables used
to minimize excessive influence of large numbers; d Cattle and chickens excluded from HDAI, evaluated as separate
predictor variables.
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Table A3. Univariable models evaluating the significance of predictor variables for height-for-age
Z-scores (HAZ) a, probability of stunting (HAZ < −2) b and diarrhea frequency b in children, showing
p-values and the direction of associations (+/−). Grey shading indicates all suggestive associations
(p < 0.1).
Predictor Variables HAZ Stunting Diarrhea
Child age <0.001 (−) <0.001 (+) <0.001 (−)
Sex of child, female 0.006 (+) 0.003 (−) 0.681
Diarrhea frequency 0.004 (−) 0.558 N/A
Height-for-age Z-score N/A N/A 0.641
Month of data collection, May c <0.001 (−) 0.011 (+) 0.031 (−)
Sex of household head, female 0.126 0.495 0.995
Number of household members 0.761 0.504 0.808
Maternal formal education, yes 0.794 0.305 0.351
Household language group, Sukuma <0.001 (+) 0.001 (−) 0.512
Improved water source 0.312 0.627 0.298
Improved toilet facility 0.555 0.945 0.618
Household domestic asset index
Livestock and non-livestock assets d 0.205 0.061 (−) 0.072 (−)
Non-livestock assets only d 0.076 (+) <0.001 (−) 0.828
Non-livestock assets only, quintiles <0.001 (+) <0.001 (−) 0.558
Livestock
Livestock owned, yes 0.086 (−) 0.368 0.327
“Livestock ladder” e 0.134 0.467 0.259
Chickens owned, yes 0.214 0.925 0.128
Chickens, above median 0.002 (−) 0.109 0.479
Chickens, number owned d 0.007 (−) 0.424 0.252
Chickens, location of overnight housing 0.651 0.692 0.101
Sheep or goats owned, yes 0.618 0.919 0.302
Sheep or goats, above median 0.121 0.035 (−) 0.398
Sheep or goats, number owned d 0.100 (+) 0.260 0.513
Cattle owned, yes 0.392 0.541 0.046 (−)
Cattle, above median 0.340 0.060 (−) 0.385
Cattle, number owned d 0.125 0.223 0.151
Children’s diet, previous 24 h
ASF consumption, yes 0.075 (−) 0.405 0.367
Chicken meat consumption, yes 0.181 0.324 0.050 (−)
Other meat or fish consumption, yes 0.001 (−) 0.531 0.473
Egg consumption, yes 0.587 0.814 0.584
Milk consumption, yes 0.084 (+) 0.554 0.042 (+)
a Linear mixed models, allowing for geographic clustering and longitudinal data; b Generalized linear mixed
models using binomial distribution, allowing for geographic clustering and longitudinal data; c Two data collection
months: May and November. Rainfall typically occurs between November and April in this area.; d log-transformed
variables used to minimize excessive influence of large numbers; e Levels of livestock ownership (the “livestock
ladder”): (1) none, (2) chickens only, (3) small ruminants +/− chickens, no cattle, (4) cattle +/− chickens and
small ruminants.
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Abstract: Considering the double burden of malnutrition in Malaysia, data on malnourished children
living in welfare homes are limited. This study aimed to determine the body weight status of children
living in welfare homes and its associated factors. A total of 307 children aged 7–17 years old
living in 15 selected welfare homes completed a standardized questionnaire, and their body weight
and height were measured by trained researchers. There were 54.4% orphans, 23.8% abandoned
children, and 21.8% children from problematic families. There were 51.5% boys and 48.5% girls;
52.4% were Malays, followed by 31.3% Indians, 12.7% Chinese, and 3.6% from other ethnic groups.
The prevalence of overweight and obesity (23.1%) was higher than the prevalence of thinness
(8.5%). In bivariate analyses, socio-demographic factors of age (p = 0.003), sex (p = 0.0001), ethnicity
(p = 0.001), and welfare home enrollment status (p = 0.003), and psychological factors of self-esteem
(p = 0.003), body shape dissatisfaction (p = 0.0001), and underestimation of body weight status
(p = 0.002), were significantly associated with body mass index (BMI)-for-age. In the multiple linear
regression analysis, children who were either Malays (β = 0.492) or Chinese (β = 0.678), with a status
of being abandoned (β = 0.409), with body shape dissatisfaction (β = 0.457), and underestimated
body weight status (β = 0.628) significantly explained 39.7% of the variances in higher BMI-for-age
(F = 39.550; p < 0.05). Besides socio-demographic background, the current findings emphasized the
importance of incorporating body image perception in an obesity prevention intervention program
in welfare homes.
Keywords: children; welfare home; body image; obesity; BMI-for-age
1. Introduction
While obesity has become a major nutritional problem worldwide, childhood obesity is a subject
matter of priority as it determines obesity in adulthood and increases the risk of adult morbidity and
mortality [1]. In a society where most adults, as well as children and adolescents, are attempting
to lose weight, it is foreseeable that weight concerns and poor body image perception (body shape
dissatisfaction and misperception of body weight status) are common.
Body image is a multidimensional construct encompassing how an individual perceive, think,
feel, and act toward one’s own body [2], and lies on a continuum from accurate and positive body
perceptions to inaccurate and negative body perceptions [2,3]. With the growing concerns of body
weight status among children, body dissatisfaction and body image misperception may affect their
eating behaviors when they want to achieve an ideal body image and obtain a sense of control of their
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bodies, which can eventually cause clinical eating disorders and unhealthy body weight status [4,5].
Individuals who have poor body image perception have a low probability of taking part in healthy
weight management behaviors; rather, they are more likely to adopt behaviors that could place them
at risk of malnutrition and poor health status [6,7].
Body image perception as an associated factor with obesity has been widely discussed in the
literature [8–11]. Previous local studies revealed that body shape dissatisfaction and misperception of
body weight status were associated with unhealthy body weight status of Malaysian adolescents [12,13].
However, to the best of our knowledge, no prior studies in the related literature have assessed body
shape dissatisfaction and misperception of body weight status among children living in welfare home
setting. It is crucial to assess body image perception of these children in preventing unrealistic weight
goals and unhealthy weight control behaviors, which may affect their growth and development.
A welfare home is considered to provide a foster family for children in need of care, such as
orphans, abandoned children, and children from problematic families. In Malaysia, welfare homes are
registered under the Social Welfare Department of Malaysia. The legal caregivers in welfare homes
protect the children and provide them with basic necessities such as shelter, food, education, clothing,
and school equipment. While a double burden of malnutrition is reported in Malaysia [14], data on
malnourished children living in welfare homes are very limited. To the best of our knowledge, there
are two local studies that reported about malnutrition among children living in welfare homes [15,16].
In 2008, Chee et al. [15] found that the prevalence of undernutrition (21.0%) was about five times
higher than the prevalence of overnutrition (4.0%) among 73 children aged six to 17 years old in Kuala
Lumpur. However, in 2015, Mohd Dzulkhairi et al. [16] reported that the prevalence of overnutrition
(32.1%) was higher than that of undernutrition (6.2%) among 128 children below 18 years old in
Selangor and Melaka. There is a shift in the malnutrition trend among children living in welfare homes
from undernutrition to overnutrition within the last seven years. In the present study, malnutrition is
determined based on body weight status of the children, assessed using z-score of body mass index
(BMI)-for-age [14–16].
Children growing up in out-of-home care, such as those living in welfare homes, may have higher
risks of adverse physical, emotional, and behavioral-related outcomes, which may further elevate
risks of unstable life-course trajectories in later adulthood life [17–20]. As compared to children in the
general population, children living in welfare homes have higher rates of chronic health conditions
(CHCs) [21], including mental retardation and malnutrition. Similarly, children in the formal foster care
were found to have high rates of health and mental health problems [22,23]. While depressive disorders
refer to the presence of depression symptoms [24], Turney and Wilderman [22] reported that children
placed in foster care have a greater likelihood of having depressive disorders than their counterparts.
In addition, a previous study by Gürsoy et al. [25] has shown that children living in orphanages had
low self-esteem scores, in which self-esteem reflects a person’s overall evaluation or appraisal of one’s
own worth [26]. In spite of that, the potential association of self-esteem and depressive disorders with
body weight status in the welfare home setting has not been explored further.
Previous reports by Chee et al. [15] and Mohd Dzulkhairi et al. [16] were limited to the study of
dietary factors in relation to body weight status among girls [15], and knowledge, attitude, and practice
with respect to nutritional status [16], respectively. Nevertheless, the inclusion of socio-demographic
and psychological factors in the current study may facilitate the development of strategies for the
prevention of disease related to nutritional status among children living in welfare homes. Therefore,
this study aims to determine the body weight status among children living in welfare homes, and its
association with socio-demographic and psychological factors.
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2. Materials and Methods
2.1. Study Design and Respondents
This cross-sectional study was carried out in the Selangor state of Malaysia. Respondents of
the present study were children living in welfare homes in Selangor, where there were three main
categories of children, namely orphans, abandoned children, and children from problematic families.
Children from problematic families included those with divorced parents, who lived in poverty, and
were formerly abused by members of the family.
Based on the probability proportionate sampling, 524 children from 15 selected welfare homes
were invited to participate in the current study. A total of 307 children who fulfilled the inclusion
criteria of the study consented to participate in the study. The inclusion criteria of the children for this
study were Malaysian, registered children in welfare homes and enrolled school-going children aged
from 7 to 17 years old. Meanwhile, this study excluded children with disabilities and children who
had physical and mental illnesses based on their health records.
The present study was conducted in accordance with the Declaration of Helsinki. Ethical
approval was attained from the Ethics Committee for Research Involving Human Subjects, Universiti
Putra Malaysia (UPM/TNCPI/RMC/1.4.18.1 (JKEUPM)/F2). Permissions to conduct this study
were obtained from the Department of Social Welfare, Malaysia, and all selected welfare homes.
Researchers explained about the study protocol to the children and their caregivers at the selected
welfare homes, and informed consents were obtained from both the children and their caregivers.
They were informed about their rights to voluntarily withdraw from the study. After getting informed
consents from the caregivers and children, anthropometric measurements were taken by trained
researchers. Respondents aged 10 years and above were requested to self-administer the questionnaire,
whereas respondents aged below 10 years were interviewed by the researchers.
2.2. Study Measurements
2.2.1. Anthropometric Measurements
Body weight and height of respondents were measured with them in light clothing and barefooted
using TANITA digital weighing scale Model HD-382 (TANITA Corporation, Japan) to the nearest 0.1 kg,
and a portable SECA stadiometer Model 213 (SECA, Germany) to the nearest 0.1 cm, respectively.
BMI-for-age (z-score) was determined by using the WHO Anthro- version 1.0.3 software [27].
Body weight status was classified using the WHO Growth Reference for 5-19 years [28].
2.2.2. Socio-Demographic Factors
Caregivers of the welfare homes were interviewed by using a socio-demographic questionnaire




Self-esteem was measured using the 10-item Rosenberg Self-Esteem Scale [26]. For items 1, 2, 4, 6
and 7, respondents had to give a score, with 1 = strongly agree, 2 = agree, 3 = disagree, and 4 = strongly
disagree. Meanwhile, for items 3, 5, 8, 9 and 10, respondents had to give a score, with 1 = strongly
disagree, 2 = disagree, 3 = agree, and 4 = strongly agree. The scores of all items were summed up
to obtain the total self-esteem score, which ranged from 10 to 40. The categorization of the level of
self-esteem was based on a previous research among children who lived in orphanages in Sharkia
governorate [29], whereby a self-esteem score of below 15 signified low self-esteem. The internal
consistency of the scale in this study was 0.53.
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Depressive Disorders
The respondents’ depressive disorders were assessed using the Children Depression Index [30],
which is a standardized self-report developed for children and adolescents aged 6–17 years old.
The questionnaire used in this study was an adapted version whereby a statement on “I want to kill
myself” was removed, as it did not suit the Malaysian and welfare home context. There were 26 items,
on a scale from zero (not a problem) to two (severe). The scores for all items were summed up to obtain
a total score, which ranged from 0 to 52. A score of 19 and above indicated that the respondent had
a higher likelihood of having depressive disorders [31]. The internal consistency of the scale in this
study was 0.83.
Perception of Body Shape
A seven-figure Collins’ body image silhouette [32] was used to assess the perception of body
shape for children aged 7–12 years old, while a nine-figure Contour Drawing Rating Scale [33]
was used to assess the perception of body shape for children aged 13–17 years old. Respondents
were required to select the figure that resembled their actual body figure and the ideal body figure,
respectively. Subtraction of the numeric values that corresponded to “actual” and “ideal” figures were
used to calculate the body shape discrepancy score. The score indicated the degree of body shape
dissatisfaction. A positive body shape discrepancy score signified the preference for a thinner body,
while a negative score signified the preference for a bigger body.
Perception of Body Weight Status
Respondents were asked about their perception of body weight status [34]. The response options
were “very thin” (1), “thin” (2), “normal” (3), “overweight” (4), and “obesity” (5). Then, the actual
body weight status was compared with the perceived body weight status. Respondents were classified
as correct estimators (perception equal to actual body weight status), under-estimators (perception is
smaller than actual body weight status), and over-estimators (perception is bigger than actual body
weight status).
2.3. Statistical Analyses
Statistical analyses were performed using IBM SPSS Statistics 21 software (version 21.0; SPSS Inc.,
Chicago, IL, USA), with a significance level set at p < 0.05. Frequency, percentage, mean, and standard
deviation were used to describe the respondents’ characteristics. The normality of the data was assessed
by using the skewness test of normality. All continuous data of the present study were normally
distributed, whereby a normal distribution was considered by the value of skewness within the range of
± 2.0 [35]. Statistical tests including the Pearson’s product–moment correlation, independent samples
t-test, one-way ANOVA, and chi-squared test were used in bivariate analyses, while a multiple linear
regression (stepwise method) was performed to determine the factors associated with BMI-for-age.
3. Results
3.1. Body Weight Status of the Respondents
The mean body weight and height of the respondents were 43.1 ± 15.6 kg and 147.0 ± 14.0
cm, respectively. The mean BMI was 19.4 ± 4.7 kg/m2 and the mean z-score of BMI-for-age
was −0.06 ± 1.43. The present study found that about one-third of the respondents were facing
malnutrition problems. Figure 1 shows that the prevalence of overweight and obesity were
15.0% and 8.1%, respectively, while the prevalence of severe thinness and thinness were 1.7% and
6.8%, respectively.
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Figure 1. Distribution of respondents according to body weight status (N = 307).
3.2. Socio-Demographic Factors of the Respondents
The study consisted of a total of 307 respondents, with 51.5% boys and 48.5% girls (mean age
of 13.0 ± 2.7 years old). About half of them (52.4%) were Malays, followed by 31.3% Indians, 12.7%
Chinese, and 3.6% from other ethnic groups. More than half of the respondents living in the welfare
homes were orphans (54.4%), followed by 23.8% abandoned children, and 21.8% children from
problematic families (those with divorced parents, from poor families, or who had been abused).
3.3. Psychological Factors of the Respondents
Table 1 demonstrates the distribution of respondents according to psychological factors. The
prevalence of low self-esteem was 16.3%, with a mean score of self-esteem was 18.2 ± 3.7. Meanwhile,
the prevalence of high likelihood of depressive disorders was 38.4%, with a mean score of 16.5 ± 7.7.
As for body image perception, the study found that the prevalence of body shape dissatisfaction was
73.0%, with a mean score of 0.1 ± 1.7. On the other hand, 37.8% of the respondents had reported to
have underestimated their actual body weight status.
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3.4. Associations between Socio-Demographic and Psychological Factors with BMI-for-Age
Table 2 shows the bivariate analyses of socio-demographic factors and BMI-for-age. Age was
positively correlated with BMI-for-age of the respondents (r = 0.169; p < 0.05). Overall, girls had
significantly higher BMI-for-age compared to boys (t = −2.833; p < 0.05). Across ethnicities, Malays
and Chinese respondents had significantly higher mean BMI-for-age compared to Indians and other
ethnic groups (F = 5.358; p <0.05). By enrollment status, children being abandoned had the highest
mean BMI-for-age compared to orphans and children from problematic families (F = 5.926; p < 0.05).





Age of respondents 0.169 b 0.003 *
Sex
−2.833 c 0.0001 *Boys −0.36 ± 1.54
Girls 0.26 ± 1.23
Ethnicity 5.358 d 0.001 *
Malay 0.01 ± 1.37
Chinese 0.60 ± 1.26
Indian −0.43 ± 1.47
Others a −0.19 ± 1.61
Enrollment status 5.926 d 0.003 *
Orphan −0.12 ± 1.51
Abandoned 0.39 ± 1.25
Problematic family −0.41 ± 1.30
N, sample size of this study was 307; a Others refer to aborigines and ethnics from Sabah and Sarawak; BMI, body
mass index; SD, standard deviation; b refers to r, the correlation coefficient that measured the strength and direction
of a linear relationship between two variables through Pearson’s correlation analysis; c refers to t, a statistic that
compared whether sexes had different means through the independent samples t-test; d refers to F, a statistic that
compared differences between means of more than two groups through one-way ANOVA; *Statistical significance
at p < 0.05.
Table 3 shows the bivariate analyses of psychological factors and BMI-for-age. Self-esteem score
had inverse correlation with BMI-for-age (r = −0.112; p < 0.05). However, there was no correlation
between the likelihood of depressive disorders and BMI-for-age (r = 0.092; p > 0.05). Body shape
dissatisfaction was significantly correlated with BMI-for-age (r = 0.551; p < 0.05). In terms of perception
of body weight status, respondents who underestimated their body weight status had the highest
mean BMI-for-age compared to other categories (F = 6.523, p < 0.05).





Self-esteem −0.112 a 0.003 *
Likelihood of depressive disorders 0.092 a 0.109
Body shape dissatisfaction 0.551 a 0.0001 *
Perception of body weight status
6.523 b 0.002 *
Under-estimator 0.25 ± 1.60
Correct-estimator −0.16 ± 1.22
Over-estimator −0.77 ± 1.56
N, the sample size of this study, was 307; BMI, body mass index; SD, standard deviation; a refers to r, the correlation
coefficient that measured the strength and direction of a linear relationship between two variables through Pearson’s
correlation analysis; b refers to F, statistic that compared differences between means of more than two groups
through one-way ANOVA; *Statistical significance at p < 0.05.
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Further, multiple linear stepwise regression was conducted to determine the factors contributing
to BMI-for-age (z-score). As shown in Table 4, respondents who were abandoned, either Malay
or Chinese, were dissatisfied with their body shape, and underestimated their body weight status
had a higher BMI-for-age (z-score). The strongest factor of the BMI-for-age model was body shape
dissatisfaction (ΔR2 = 30.4%), followed by underestimation of body weight status (ΔR2 = 4.8%), Malay
(ΔR2 = 1.7%) or Chinese (ΔR2 = 1.6%) ethnic group, and abandoned status (ΔR2 = 1.2%), which
explained a total of 39.7% of the variances in BMI-for-age of the respondents (F = 39.550; p < 0.05).










(Constant) −0.796 0.131 −6.063 0.0001 *
Body shape dissatisfaction 0.457 0.038 0.549 12.126 0.304 0.0001 *
Underestimation of body weight status 0.628 0.134 0.213 4.691 0.048 0.0001 *
Malay 0.492 0.145 0.172 3.396 0.017 0.001 *
Chinese 0.678 0.214 0.158 3.162 0.016 0.002 *
Abandoned status 0.409 0.164 0.122 2.489 0.012 0.013 *
N, the sample size of this study, was 307; R, the multiple correlation coefficient, was 0.630; R2, the coefficient of
determination was 0.397; F, the ratio of the model mean square to the error mean square was 39.550; β, values
for the regression equation for predicting the dependent variable from the independent variables, Beta was the
standardized coefficient; t, a statistic used to check the significance of individual regression coefficients in the
regression model; ΔR2, incremental increase in the model R2 resulting from the addition of a predictor to the
regression equation; *Statistical significance at p < 0.05.
4. Discussion
The body weight status of children living in welfare homes in Selangor was unsatisfactory.
Dual forms of malnutrition existed among children living in welfare homes, whereby the prevalence
of overweight and obesity (23.1%) was about three times higher than the prevalence of thinness and
severe thinness (8.5%). When compared to the recent report of the Adolescent Health Survey 2017
among school students aged 10 to 17 years old by Malaysia country and Selangor state [36], children
living in the welfare homes generally had a lower overweight and obesity prevalence. The prevalence
of overweight and obesity was 30.4% according to the national prevalence and 33.0% according to the
Selangor state report, respectively [36]. On the other hand, more respondents were found thin in the
welfare homes compared to the national survey. There were 6.6% and 6.7% of them were thin based on
the national prevalence and the Selangor state prevalence, respectively [36].
In contrast to the current findings, previous studies of welfare homes in other countries such as
Bangladesh, Nigeria, Ghana, and Sri Lanka reported that the prevalence of underweight was higher
than that of overweight [37–40]. Nonetheless, the current findings are in agreement with a study
among children living in welfare homes in Southeast Nigeria, wherein the prevalence of overweight
(30.0%) was higher than the prevalence of underweight (2.2%) [41]. Our findings did not correspond
to a local study by Chee et al. [15] in 2008, whereby they found that the undernutrition issue was
more prevalent than overnutrition. However, a direct comparison of findings cannot be made as
the present results used the WHO Growth Reference for those aged 5–19 years [28], while Chee et
al. [15] classified children based on the Centers for Disease Control and Prevention (CDC) BMI-for-age
Growth Chart [42]. As reported by Mohd Dzulkhairi et al. [16] in 2015, the trend of malnutrition among
children living in welfare homes has changed over the last decade since Chee et al. [15] conducted the
study in 2008. Our findings supported the findings of Mohd Dzulkhairi et al. [16] who reported that
the prevalence of overweight and obesity (32.1%) was higher than that of thinness (6.2%), using the
WHO (2007) classification. Based on our observation and informal communication with the caregivers,
the current overweight and obesity problems among children living in the welfare homes may be
due to the surplus of energy-dense foods such as pizza, fried chicken, hamburgers, fries, carbonated
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drinks, and ice-cream received from donors, which might lead to overeating. Possibly, children might
be afraid of being hungry, and thus overeat whatever foods are given by their caregivers. Furthermore,
children living in the welfare homes have always been given the opportunity to eat out, especially
on weekends, and they usually go to western fast food outlets. An in-depth study about the eating
behaviors and dietary intakes of children living in the welfare homes is needed.
The present study found that self-esteem was inversely associated with BMI-for-age in the
bivariate analysis. Consistent with previous studies [43,44], low self-esteem was associated with
the risk of overweight and obesity. The plausible explanation that low self-esteem is linked to
overweight and obesity among the respondents was because children who have low self-esteem
manifest their loneliness through disturbed eating habits and negative emotions related to eating
during their stay in welfare homes. Nonetheless, there was no further significant association found
between self-esteem and BMI-for-age in the multivariate analysis of the current findings. While about
one-third of the children living in welfare homes had a high likelihood of having depressive disorders,
there was no significant association between depressive disorders and BMI-for-age in the present
study. Contradictory to a study by Luppino et al. [45], there was a reciprocal relationship between
mental health and body weight status in which they reported that depression may be both a factor
and an impact of obesity. On the other hand, the current findings are aligned with previous studies
that focused on children in the general population, which reported no association between depression
and body weight status [46]. In addition, a meta-analysis study revealed no significant association
between body weight status and depression in the general population [47]. Although self-esteem and
depressive disorders did not significantly contribute towards BMI-for-age of the children living in
the welfare homes, both factors are still crucial to be addressed among children living in the welfare
homes in promoting psychological stability and positive social activity in their later years of life.
Furthermore, the current study found that respondents with high BMI-for-age were those who
were dissatisfied with their body shape, underestimated their body weight status, were Malays
or Chinese, and had been abandoned. These factors explained about 40% of the variances in the
BMI-for-age model. The current regression model was compared with other models on BMI-for-age
in the Selangor state of Malaysia. It should be noted that our model was compared to the general
population of Malaysia due to limited studies targeting respondents living in the welfare homes as
their study respondents. For instance, a previous study in the Kajang district, Selangor, indicated that
physical activity, body image, and energy intake explained 36.9% of the variances in BMI-for-age of
adolescents aged 13 to 15 years old [48]. Physical activity was not included in the present study, yet our
body image indicators, namely body shape dissatisfaction and body weight status underestimation,
were consistent with the factors of negative body image found in their model [40]. Another BMI-for-age
model of early adolescents aged 10 to 11 years old in Selangor showed that energy expenditure per
kilogram body weight, being male, and the BMI of the mothers explained 66.7% of the variances in
high BMI-for-age model [49]. In contrast to the model, our study found that sex did not contribute
towards the high prevalence of overweight and obesity, while energy expenditure and maternal BMI
were not assessed.
The present study also showed that Malay or Chinese respondents had higher BMI-for-age
compared to other ethnicities. A previous study among Malaysian primary school children reported
that the prevalence of overweight was higher among Chinese students (23.0%) compared to Indians
(16.0%) and Malays (14.8%) [50]. Additionally, the prevalence of obesity was higher in Malays (7.6%),
followed by Indians (5.1%) and Chinese (1.6%) [49]. Further studies may need to explore the underlying
differences in ethnic groups that relate to the development of overweight and obesity in children.
For instance, Zhang and Wang [51] suggested that Chinese people perceived having a large body size
or being overweight and obese as a sign of wealth and success in their culture in China.
By enrollment status of the welfare homes, respondents with the enrollment by abandoned
status had the highest BMI-for-age, followed by orphans, and children from problematic families.
The possible explanation for these findings may be due to the immediate environment experienced
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by children who were abandoned from a young age (for example as newborns) when entering the
welfare homes compared to other children. The immediate environment here refers to the welfare
home as the first home of children being abandoned, which may be an obesogenic environment that
encourages children to become overweight and obese from a very young age. On the other hand,
most of the orphans and children from problematic families lived in their parents’ home as their first
home, which may indicate different early environment exposures as compared to abandoned children.
Future research may need to consider the environment exposure prior to the enrollment when focusing
on children living in welfare homes.
To the best of the authors’ knowledge, no previous study in the related literature has assessed
the perception of body image in the welfare home setting. However, the present findings support
a study among children of general population from Nazrat et al. [52], in which girls desired for a
smaller body size than boys. Likewise, Ozmen et al. [53] indicated that boys desired a larger body
size. Furthermore, the association between body shape dissatisfaction and obesity was found in
several studies in Malaysia [48,54,55]. Meanwhile, the present findings showed that there was an
association between respondents under-estimating their body weight status and overweight and
obese status. This is consistent with a study among adolescents of the general population aged 10 to
17 years in Malaysia, where the authors found that 12.2% of the overweight and obese respondents
had under-estimated their actual body weight status [13]. Neumark-Sztainer et al. [56] highlighted
that the association between poor body image (body shape dissatisfaction and underestimation of
body weight status) and obesity was due to unhealthy weight control behaviors that put them at
risk of weight gain. Further studies may focus on determining the types of unhealthy weight control
behaviors among children.
There were several limitations in the current study. This cross-sectional study does not yield
the evidence on the cause and effect of socio-demographic and psychological factors on BMI-for-age.
However, the present study adds important information to the literature regarding the association
of socio-demographic and psychological factors with body weight status among children living in
welfare homes. Immediate action must be initiated to prevent excess weight gain and to treat those
children who are already in the high BMI-for-age category.
5. Conclusions
The present study found that dual forms of malnutrition existed among children living in welfare
homes. About one in four of the children were facing overweight and obesity problems, whereas
about one in ten of them were thin and severely thin. Poor body image perception, being Malays or
Chinese, and having been abandoned were associated with higher BMI-for-age among children living
in welfare homes in Selangor. These findings suggest the need to have a regular assessment of body
weight status among children, and preventive actions should be taken by the welfare homes’ related
agencies and donors. Additionally, an obesity intervention program that incorporates body image
perception may improve the children’s body weight status in future.
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Abstract: The objectives of this cross-sectional study were to: (i) determine whether there are
differences in self-esteem and self-efficacy for healthy lifestyle choices between children living in
food secure and food insecure households; and (ii) determine whether the association between
household food insecurity (HFI), self-esteem and self-efficacy differs by gender. Survey responses of
5281 fifth-grade students (10 and 11 years of age) participating in the Canadian Children’s Lifestyle
and School Performance Study II were analyzed using logistic and linear regression. HFI status was
determined by the six-item short-form Household Food Security Survey Module (HFSSM). Students
from food insecure households had significantly higher odds of low self-esteem, and significantly
lower scores for global self-efficacy to make healthy choices, compared to students from food secure
households. These associations were stronger for girls than for boys and appeared independent
of parental educational attainment. Household income appeared to be the essential underlying
determinant of the associations of food insecurity with self-esteem and self-efficacy. Upstream social
policies such as improving the household income of low-income residents will reduce food insecurity
and potentially improve self-esteem and self-efficacy for healthy choices among children. This may
improve health and learning, and in the long term, job opportunities and household earnings.
Keywords: food security; self-esteem; self-efficacy
1. Introduction
In Canada and the United States, household food insecurity (HFI) as measured on national
surveys refers to self-reports of uncertain or insufficient food access, due to limited financial resources.
Recent national prevalence data of HFI in Canada and the United States were reported as 12% [1] and
11.8% [2], respectively. These two countries use a validated tool, the 18-question Household Food
Security Survey Module (HFSSM), to capture a gradient of deprivation within households. This ranges
from anxiety about running out of food, to impacts on diet quality and quantity [2,3], which can have
cognitive and physical health consequences [4].
Such consequences resulting from HFI include multiple poor health outcomes, higher health
care utilization and costs [5,6], higher mortality rates [7] and adverse mental health outcomes such
as behavioural issues, distress, anxiety, depression and suicidal thoughts [6,8–10]. Furthermore, HFI
has a graded negative effect on a variety of physical and mental health outcomes, in which more
severe food insecurity (FI) is associated with increased risk of adverse outcomes [10]. Among children,
HFI has been associated with impaired mental health [11], reduced academic performance [12],
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absenteeism [13], and poorer behavioural outcomes [12,14]. HFI may affect girls and boys differently
and associations between HFI, children’s academic performance, social skills and feelings of fear have
been shown to differ between gender, with the effect more pronounced for girls [15,16]. HFI seems to
influence children’s development through its effects as a component of overall family stress and poor
functioning [12,17,18]. The evidence thus indicates that HFI is a critical public health issue that merits
attention, given its importance in determining short and long-term health outcomes among children
and adults [19,20].
As HFI experienced in childhood is a stressor and precursor to unfavourable cognitive outcomes
in childhood and adulthood [12], it is important to build self-confidence early in life. Self-esteem can
be described as the attitude towards oneself [21], which can be positive or negative [22]. Self-efficacy
is an individual’s belief in their ability to achieve goals [23], such as healthy eating (HE) or physical
activity (PA) goals. People with high self-efficacy have higher confidence in their ability to translate
intentions into behaviours [24]. With frequent practice, self-efficacy relating to healthy behaviour goals,
such as meal preparation in the home environment, can be increased [25]. High self-efficacy has been
shown in adult populations to increase diet quality [26]. The limited existing literature also suggests
an association between FI and self-efficacy [27]. Self-efficacy seems to be impaired by FI [28] and
improvements in food security (FS)—regular and reliable access to sufficient nutritious food [29]—have
been shown to increase self-efficacy [30]. This may in turn enhance academic achievement and
“economic productivity” [12]. Given that low self-esteem and self-efficacy in childhood may be an
“enduring vulnerability” for mental health issues in adulthood [31,32], it is important to ensure positive
self-esteem and self-efficacy are fostered in childhood [33]. This is particularly important among girls,
who will become mothers, given HFI risk is increased by maternal depression [34] and food insecure
mothers are more likely to report their own experiences of childhood deprivation [35]. Therefore,
addressing FI during childhood could reduce the likelihood of intergenerational FI [35].
In order to prevent mental health issues, greater understanding of how FI influences self-esteem
and self-efficacy among children is required. Further, the limited evidence of the association between
household FS status and a child’s perceived self-efficacy to make healthy lifestyle choices, such as
PA and HE needs to be extended. Therefore, the aim of this paper is to examine the relationship
between household FS and self-esteem and self-efficacy for healthy lifestyle choices among grade five
children living in Nova Scotia, Canada, where 22.8% of children lived in FI households in 2015–16 [36].
The relationship is examined by classifying HFI using the six-item short form HFSSM into three
levels (marginal, moderate and severe). The objectives included: (i) to determine whether there are
differences in self-esteem and self-efficacy for healthy lifestyle choices between students living in
households with FS and FI; and (ii) to determine whether there are gender differences within the
association between FI, self-esteem and self-efficacy among children. We hypothesized that students
from households experiencing FI would have lower self-esteem and lower self-efficacy for HE and
participating in PA, and that this association would differ between genders.
2. Materials and Methods
2.1. Sampling and Recruitment
In this cross-sectional study, we used data from the Children’s Lifestyle and School Performance
Study II (CLASS II) conducted in 2011 in Nova Scotia, Canada. Nova Scotia is a province on the eastern
coast of Canada, consisting of a peninsula and offshore islands with a population just under 1 million
people [37]. CLASS II was a population-based survey that examined diet, physical activity, well-being,
and school performance among fifth-grade students (10–11 years old). All grade five students in the
province, their parent(s)/guardian(s), and school administrators were invited to participate in the
study. Of all 286 provincial public schools with grade five students, 269 schools (94.1%) participated
in the study. Once a school agreed to participate, parents or guardians received a home package
containing a consent form and survey to complete. Parental consent to participate in the survey was
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given for 6591 of the 8736 students (75.4% consent rate). Of these, 1310 (19.9%) students did not
complete the survey, were absent the day of the survey, or had returned an incomplete parent survey
and were excluded from analysis, leaving 5281 eligible students. Of these, 5093 (96.4%) and 5113
(96.8%) had complete data for measures of self-esteem and self-efficacy items, respectively.
2.2. Instrument
The student survey consisted of questions on eating behaviours at school and home, physical
activity, mental wellbeing, self-esteem, and self-efficacy. Parent(s)/guardian(s)’ survey contained
questions about the home environment, household FI experience, and sociodemographic factors.
Specifically, the home survey contained the US Department of Agriculture 6-item short-form
Household Food Security Survey Module (HFSSM), a tool that has been validated in the US and
is recommended when there is the need to reduce respondent burden or when asking questions
about children’ FI is deemed too sensitive [3]. A score was calculated from the number of affirmative
responses to the six questions about FI. Based on overall score, households were classified as food
secure (score 0), marginal FI (score 1), moderate FI (score 2–4) or severe FI (5–6) [14]. FI status
constituted the exposure of interest.
Outcomes included global self-esteem, assessed using a series of ten questions with a 3-point
Likert scale response options similar to the Emotional Functioning and Social Functioning items on the
PedsQL [38]. The following items were included (i) My future looks good to me; (ii) I like the way I
look; (iii) I like myself; (iv) I feel like I do not have any friends; (v) I feel unhappy or sad; (vi) I worry a
lot; (vii) I am in trouble with my teacher(s); (viii) I have trouble paying attention; (ix) I have trouble
enjoying myself; (x) If I have problems there is someone I trust to go to for advice. Response choices
for each of these items included ‘never or almost never’, ‘sometimes’, to ‘often or almost always’.
The responses were scored as 1, 2, 3, with the highest score representing good self-esteem. Scores were
subsequently totaled. The inter-item reliability (Cronbach’s alpha) of the 10 items was 0.70.
Outcomes also included self-efficacy for healthy lifestyle choices, assessed using 9 items, 4 for
physical activity and 5 for healthy eating. Students were asked “If you wanted to, how confident are
you that you could (i) be physically active no matter how tired you may be?; (ii) be physically active
even if you have a lot of homework?; (iii) ask your parent or other adult to play a physical activity
or sport with you?; (iv) be physically active for at least 60 min on 5 or more days per week?; (v) eat
healthy food at school?; (vi) choose a healthy snack between school and dinner time?; (vii) eat healthy
food if you are alone at home?; (viii) choose a healthy snack when you are bored?; (ix) choose a healthy
snack when you are sad?” Response choices included ‘not at all confident’, ‘a little bit confident’,
‘quite confident’, and ‘very confident’. The responses were scored as 1, 2, 3, 4, with the highest score
representing higher self-efficacy. The scores were summed for global self-efficacy (all nine items),
physical activity, and healthy eating. These scores were then transformed to a scale of 1 to 100 to
make them comparable across the three measures on self-efficacy. The items for self-efficacy have
each demonstrated good internal consistency [39]. The inter-item reliability (Cronbach’s alpha) of
the physical activity, healthy eating self-efficacy, and global self-efficacy items were 0.69, 0.83, and
0.83 respectively.
Covariates used in analyses included gender, region of residence (urban or rural; based on postal
code), parental educational attainment, household income, and bodyweight status [40] (normal weight,
overweight, or obese using age and gender specific cut-offs). Further information about the CLASS
study can be found at www.nsclass.ca.
2.3. Data Collection
The student survey was pilot tested for ease of understanding and reliability. Trained CLASS
research assistants travelled to participating schools and administered surveys to students who
had returned a signed consent to participate. Research assistants measured students’ height to the
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nearest 0.1 cm and weight to the nearest 0.1 kg on calibrated digital scales. Additional data collection
information has been detailed elsewhere [41].
2.4. Data Entry and Analysis
We conducted descriptive analysis of associations between FI status, gender, region of residence,
parent education, household income, and bodyweight status with self-esteem and self-efficacy using
Chi2 tests. For the descriptive analyses, self-efficacy scores were split into tertiles.
For self-esteem items, the responses were ordinal and the sum scores were not normally
distributed. Self-esteem was therefore dichotomized whereby sum scores lower than the 15th percentile
were defined as low self-esteem, which is similar to the parametric concept of one standard deviation
below the mean, an approach commonly applied in self-esteem research [42]. Univariate logistic
regression was used to examine the association of FI status and confounders with the dichotomized
self-esteem scores. A multivariable mixed-effects logistic regression with robust standard errors
was used to account for clustering of students within schools and the confounding potential of
gender, region of residence, and bodyweight status. Later multivariable models were sequentially
further adjusted for parent education and household income. In addition, these models were
tested for gender-HFI interaction and found to be significant (p = 0.006). As such, gender-stratified
multivariable models, adjusted for the same covariates (except gender), were used to examine whether
the associations were distinct for girls and boys.
For the associations of self-efficacy with FI status, univariate linear regression models were
conducted for global, PA, and HE self-efficacy scores. A multivariable linear regression model with
robust standard errors was used to account for clustering of students and adjusted for gender, region
of residence, and bodyweight status. This model was further adjusted for parental education and
household income. Models were tested for gender-HFI interaction, but it was not found to be significant
(p = 0.251). For consistency with self-esteem models, gender-stratified analyses was conducted using a
multivariable model, adjusting for the same covariates (except gender).
All analyses were weighted to represent provincial estimates of the grade 5 student population in
Nova Scotia. Responses rates in residential areas with lower household income were slightly lower
than average and weights were calculated to account for this disproportionate non-response [43].
Missing values for potential confounders were considered as separate covariate categories, but their
estimates are not presented. Normality and homoscedasticity were tested and found to be acceptable
for all linear regression models. All analyses were conducted using the statistical software package
Stata/IC 14 and p < 0.05 were considered significant.
The Health Sciences and Human Research Ethics Board of Dalhousie University approved the
original study, including the informed consent procedure. The Health Research Ethics Board at the
University of Alberta approved the data analysis of the present study. Edith Cowan University Human
Research Ethics Committee provided multicentre research project approval.
3. Results
3.1. Participant Demographics
Table 1 presents characteristics of grade five students in Nova Scotia and shows that 52.2% were
girls, 35.2% resided in rural regions, and 54.3%, 22.7%, and 17.8% had normal weight, overweight, or
obesity, respectively.
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Table 1. Characteristics of grade 5 students (aged 10–11 years) in Nova Scotia, Canada by self-esteem







Low Normal Lowest Tertile Middle Tertile Highest Tertile
Household Food Security Status
Food secure 74.8% 66.8% 76.2% 72.2% 75.2% 77.5%
Marginal FI 1 8.1% 10.1% 7.7% 7.9% 8.3% 8.2%
Moderate FI 1 10.0% 13.7% 9.5% 11.6% 9.5% 8.6%
Severe FI 1 7.1% 9.4% 6.6% 8.3% 7.0% 5.7%
Girls (%) 52.2% 47.8% 52.9% 49.5% 54.2% 52.9%
Bodyweight status (%)
Normal weight 54.3% 43.3% 56.0% 50.5% 53.5% 59.9%
Overweight 21.7% 22.3% 21.7% 21.5% 22.7% 21.2%
Obesity 17.8% 28.2% 16.3% 20.9% 18.1% 14.1%
Missing 6.1% 6.3% 6.0% 7.1% 5.8% 4.9%
Rural Residence (%) 35.2% 41.6% 34.4% 37.3% 36.1% 32.9%
Household Income (%)
<$20,000 20.7% 31.9% 18.8% 23.9% 19.4% 17.5%
$20,001–40,000 14.1% 14.5% 14.0% 15.0% 14.2% 12.6%
$40,001–60,000 25.4% 21.8% 26.0% 24.3% 26.6% 26.3%
>$60,000 20.6% 12.9% 21.8% 16.3% 21.5% 24.7%
Missing/prefer not to answer 19.2% 18.8% 19.4% 20.5% 18.3% 18.9%
Parent education (%)
Secondary school or less 18.0% 23.0% 17.2% 20.8% 16.5% 16.2%
College 40.6% 44.5% 39.9% 41.7% 43.3% 36.0%
University 37.5% 27.0% 39.3% 32.5% 37.2% 42.3%
Missing 4.0% 5.6% 3.7% 5.1% 3.0% 3.5%
1 Food insecurity.
3.2. Household Food Security Status
As shown in Table 1, 74.8% of students were from households classified as food secure, 8.1% from
households with marginal FI, 10.0% from households with moderate FI, and 7.1% from households
with severe FI, for a combined prevalence of 25.2% HFI.
3.3. Global Self-Esteem and Self-Efficacy for Healthy Lifestyle Choices
Of students with low self-esteem, 9.4% were from households experiencing severe FI whereas
among students with normal self-esteem only 6.6% came from FI households. Likewise, among
students in the lowest self-efficacy tertile, a higher percentage (8.3%) were from severe FI households
relative to students in the highest self-efficacy tertile (5.7%). These differences were statistically
significant (p’s ≤ 0.001). Similar statistically significant gradients were observed for household income
and parental education, with lower household income and parental education associated with lower
self-esteem and self-efficacy (data not shown).
3.4. The Association between Household Food Security and Self-Esteem
Table 2 presents the univariate and multivariable associations between HFI status and low
self-esteem for students. Students (girls and boys combined) from households with marginal, moderate,
or severe FI had respectively 44%, 55%, and 54% higher odds of having low self-esteem compared to
students from food secure households after adjusting for gender, region of residence and bodyweight.
The interaction between FI and gender was found to be statistically significant (p = 0.006). In the
gender-stratified Model 1, the association with lower self-esteem was only significant for girls from
moderate FI households and boys from households with severe FI (girls: OR 2.19; boys: OR: 1.68,
compared with their FS counterpart). This association was not significant among girls living in
marginal or severe FI households or among boys living in marginal FI or moderate FI. When this
model was further adjusted for parent educational attainment (Model 2), the association between
HFI and low self-esteem remained significant only among students (girls and boys combined) and
girls living in moderate FI households. They had respectively 40% and 2 times higher odds of low
self-esteem when compared to their FS counterpart. Model 3 was further adjusted for household
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income. It showed that girls from moderate FI households had an associated 67% higher odds of low
self-esteem when compared to their FS counterpart. This association was no longer significant for girls
and boys combined.
Table 2. Relationship between food security and low self-esteem among grade 5 students (aged 10–11
years) in Nova Scotia, Canada.
Self-Esteem
All Students Girls Boys
OR (95%CI) p-Value OR (95%CI) p-Value OR (95%CI) p-Value
Univariate
Household Food Security Status
Food secure 1 1 . 1 .
Marginal FI 1 1.49 (1.10, 2.03) 0.010 1.56 (1.05, 2.32) 0.028 1.49 (0.93, 2.40) 0.095
Moderate FI 1 1.65 (1.25, 2.18) <0.001 2.39 (1.71, 3.33) <0.001 1.07 (0.69, 1.68) 0.753
Severe FI 1 1.62 (1.19, 2.20) 0.002 1.57 (0.97, 2.52) 0.066 1.73 (1.16, 2.58) 0.007
Model 1
Food secure 1 1 . 1 .
Marginal FI 1 1.44 (1.05, 1.97) 0.022 1.47 (0.96, 2.23) 0.073 1.46 (0.91, 2.34) 0.120
Moderate FI 1 1.55 (1.18, 2.05) 0.002 2.19 (1.57, 3.07) <0.001 1.04 (0.66, 1.63) 0.869
Severe FI 1 1.54 (1.12, 2.12) 0.009 1.42 (0.87, 2.31) 0.158 1.68 (1.11, 2.53) 0.014
Model 2
Food secure 1 1 . 1 .
Marginal FI 1 1.35 (0.99, 1.85) 0.058 1.37 (0.90, 2.09) 0.146 1.38 (0.86, 2.20) 0.180
Moderate FI 1 1.40 (1.06, 1.85) 0.020 2.00 (1.42, 2.81) <0.001 0.93 (0.59, 1.45) 0.740
Severe FI 1 1.35 (0.99, 1.85) 0.062 1.27 (0.77, 2.09) 0.352 1.46 (0.97, 2.19) 0.069
Model 3
Food secure 1 1 . 1 .
Marginal FI 1 1.17 (0.85, 1.60) 0.330 1.16 (0.75, 1.79) 0.503 1.19 (0.74, 1.91) 0.474
Moderate FI 1 1.16 (0.87, 1.55) 0.317 1.67 (1.16, 2.41) 0.006 0.77 (0.49, 1.23) 0.275
Severe FI 1 1.01 (0.73, 1.41) 0.930 0.99 (0.58, 1.68) 0.972 1.06 (0.68, 1.65) 0.788
OR: Odds Ratio; 95% CI; 95% confidence interval; Model 1 is adjusted for region of residence, body weight status,
and gender (in non-gender-stratified models). Model 2 is further adjusted for parental education and Model 3 is
further adjusted for household income. Estimates are weighted to represent grade five students in Nova Scotia.
Results in bold are statistically significant (p < 0.05); 1 Food insecurity.
3.5. The Association between Household Food Security Status and Self-Efficacy
Table 3 presents the associations between FI and self-efficacy. Students from moderate and severe
FI households had significantly lower scores for global self-efficacy to make healthy choices than
students from food secure households. The interaction between FI and gender in their association with
self-efficacy was not statistically significant (p = 0.251). The associations of FI with global self-efficacy
score remained statistically significant after adjusting for gender, bodyweight status, and region of
residence, while they remained statistically significant only for girls in the gender-stratified Model 1.
When these models were further adjusted for parent educational attainment, associations remained
significant only for students (girls and boys combined) and for girls from moderate FI households
(Model 2). The association between FI and global self-efficacy was no longer significant after further
adjusting for household income.
The individual associations of FI with self-efficacy for physical activity and healthy eating are
presented in the Supplementary Table S1. With respect to self-efficacy for physical activity, students
from households with moderate and severe FI had significantly lower scores compared to students from
food secure households. No differences were observed when comparing children from households
with marginal FI and with FS. Associations remained after adjusting for gender, bodyweight status,
and region of residence. In the gender-stratified models, this association remained only for girls. With
the exception of girls from moderately FI households having significantly lower associated self-efficacy
for physical activity after adjusting for parental education, associations did not remain statistically
significant after further adjusting for parent education and household income.
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Table 3. Relationship between food insecurity and global self-efficacy to make healthy choices among
grade 5 students (aged 10–11 years) in Nova Scotia, Canada.
Global Self-Efficacy
All Students Girls Boys
B (95%CI) p-Value B (95%CI) p-Value B (95%CI) p-Value
Univariate
Household Food Security Status
Food secure 0.00 - 0.00 - 0.00 -
Marginal FI 1 −1.03 (−2.69, 0.62) 0.221 −0.98 (−3.20, 1.23) 0.383 −1.32 (−3.55, 0.91) 0.244
Moderate FI 1 −2.73 (−4.19, −1.27) <0.001 −3.16 (−4.92, −1.40) <0.001 −2.29 (−4.57, 0.00) 0.05
Severe FI 1 −2.27 (−4.04, −0.48) 0.013 −3.17 (−5.44, −0.90) 0.006 −1.29 (−3.92, 1.33) 0.332
Model 1
Food secure 0.00 - 0.00 - 0.00 -
Marginal FI 1 −0.82 (−2.48, 0.84) 0.331 −0.67 (−2.89, 1.56) 0.555 −1.14 (−3.32, 1.05) 0.305
Moderate FI 1 −2.41 (−3.83, −0.98) 0.001 −2.82 (−4.59, −1.04) 0.002 −1.93 (−4.20, 0.33) 0.094
Severe FI 1 −2.02 (−3.78, −0.25) 0.025 −2.83 (−5.06, −0.60) 0.013 −0.99 (−3.65, 1.66) 0.461
Model 2
Food secure 0.00 0.00 - 0.00 -
Marginal FI 1 −0.31 (−1.97, 1.35) 0.710 −0.32 (−2.53, 1.89) 0.774 −0.51 (−2.71, 1.69) 0.646
Moderate FI 1 −1.58 (−3.01, −0.15) 0.030 −2.37 (−4.13, −0.62) 0.008 −0.66 (−2.96, 1.63) 0.571
Severe FI 1 −1.00 (−2.79, 0.79) 0.273 −2.24 (−4.48, 0.013) 0.051 0.52 (−2.12, 3.16) 0.699
Model 3
Food secure 0.00 - 0.00 - 0.00
Marginal FI 1 0.24 (−1.41, 1.90) 0.774 0.27 (−1.92, 2.47) 0.806 0.10 (−2.16, 2.36) 0.930
Moderate FI 1 −0.90 (−2.38,0.58) 0.232 −1.80 (−3.61, 0.01) 0.052 0.084 (−2.33, 2.51) 0.946
Severe FI 1 −0.081 (−2.03, 1.87) −0.935 −1.56 (−4.04, 0.91) 0.215 1.64 (−1.17, 4.44) 0.249
B: regression coefficient; 95% CI; 95% confidence interval; Model 1 is adjusted for region of residence, body weight
status, and gender (in non-gender-stratified models). Model 2 is further adjusted for parental education and Model
3 is further adjusted for household income. Estimates are weighted to represent grade five students in Nova Scotia.
Results in bold are statistically significant (p < 0.05); 1 Food insecurity.
In terms of self-efficacy for healthy eating, students from moderately FI households had
significantly lower scores than students from food secure households before and after adjusting
for gender, bodyweight status, and region of residence. In gender-stratified models, this difference
was significant for girls from moderate and severe FI households, but not for boys. The association
with lower self-efficacy for healthy eating remained significant only among students (girls and boys
combined) and girls living in moderate FI households after further considering parental education.
When this model was further adjusted for household income, the association remained significant only
for girls from moderately FI households (Supplementary Table S1).
4. Discussion
The objectives of this study were to: (i) to determine whether there are differences in self-esteem
and self-efficacy for healthy lifestyle choices between students living in households with FS and FI; and
(ii) to determine whether there are gender differences within the association between FI, self-esteem
and self-efficacy among children. Our findings revealed that one quarter (25.2%) of children who
participated in the CLASS II study were living in food insecure households. We demonstrated that
these children living in households with FI were more likely to have low global self-esteem and low
self-efficacy for healthy lifestyle choices. These associations were generally more pronounced for girls
than for boys and independent of region of residence, bodyweight status and parental educational
attainment. Household income appeared to be the essential underlying determinant of the associations
of FI with self-esteem and self-efficacy, to some extent lesser in the association in girls. Although 7.1%
of children lived in households with severe FI, we did not observe a gradient of severity of HFI with
likelihood of low self-esteem and self-efficacy for physical activity and healthy eating.
Our observed FI prevalence (25.2%) was relatively consistent with provincial estimates of HFI for
the same year (2011) in that 23% of Nova Scotian households with children were food insecure [19].
Findings from the present study relating to FI, self-esteem and self-efficacy are supported by previous
literature [30,44]. However, as existing research that has measured the association between FI and
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self-esteem among children is limited, we have positioned our findings amongst studies of adults.
Laraia et al. (2006) reported a negative association among self-esteem and FI among women [44].
A similar inverse relationship between self-efficacy and FI was observed among adults in the United
States; FI was associated with low levels of self-efficacy [27]. Martin et al. (2016) investigated whether
an association existed between self-efficacy and FS among adults. The authors found a significant
inverse association between FI and self-efficacy [30]. Our findings corroborate these results.
4.1. Policy, Practice and Research Recommendations
Given we found self-esteem and self-efficacy were compromised among children from food
insecure households, especially among girls, upstream policy actions targeting the structural
determinants of HFI [45] should be prioritized. Our research is suggestive that such action would not
only reduce FI prevalence but could also prevent resultant implications for children’s mental health
status and life chances, given that living in households with FI manifests in mental health issues in
adolescence and adulthood [12,46,47]. As such, our recommendation to address HFI includes social
policy interventions to increase the household income of low-income residents [48]. The relationship
between income and HFI suggests increasing these residents’ income, such as through a Basic Income
Guarantee, could have a substantial impact on FI [49]. Other important implications of this research
include incorporating strategies to increase self-esteem and self-efficacy, such as for example in school
settings [27] because improved lifestyle behaviours have also been related to better school achievement
and reduced prevalence of mental health issues [50,51]. Further, promoting childhood self-esteem and
self-efficacy for healthy lifestyle choices may improve health and learning, and herewith future job
opportunities and earnings. Population groups that require targeted support include girls, given the
current study suggests they are more vulnerable to low self-esteem and self-efficacy if they are living
in food insecure households [47,52]. Additionally, there is a relationship between positive self-efficacy
and mental wellbeing [32]. Therefore, strategies must be implemented to ensure the lasting trajectory
towards both FI and negative psychological outcomes is mitigated during childhood [46].
Further research demonstrating the relationship between HFI and low self-esteem and self-efficacy
is warranted, given that low self-esteem contributes to depression in youth [32,53]. This research
should also be undertaken in other similar countries, for comparison purposes.
4.2. Strengths and Limitations
Strengths of this study include the large population-based sample, increasing the study’s
representativeness. Sampling accounted for urban and rural residents, with all public schools in
the province invited to participate. The relative high participation rate was another strength. To
our knowledge, no other studies have investigated the gender differences in children between HFI
modelled as three levels of severity and self-esteem and self-efficacy, reinforcing the importance of our
contribution to the scarce evidence base. However, there were limitations associated with this study.
This research was cross-sectional in nature, and therefore we could not establish causation. A review
of longitudinal studies investigating associations between FI and mental health in adults suggested
a bidirectional relationship existed (for example FI increasing depression and depression increasing
FI) [54]. Therefore, low self-esteem may contribute to increasing FI over time in adults. However,
research among children is insufficient to understand this relationship. A previous study has suggested
that the cost of treating children’s mental health care may negatively impact household finances, thus
resulting in HFI [55]. However, further research in the field is required and the cross-sectional nature
of the present study precludes further investigation into the temporality of the association among
our sample. Although responses rates were lower than average among residential areas with lower
household income, weights were calculated to correct for this disproportionate non-response. The
use of the 6-item HFSSM does not capture the most severe range of FI, nor does it capture anxiety or
concerns with regards to accessing food [3]. In addition, it does not inquire about FI among children
within the household, and thus, limits our ability to directly associate findings with child FI. However,
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evidence suggests that HFI independently predicts individuals’ health [56] and that living in an adult
food insecure household is sufficient for children to suffer from consequences of FI [3]. Further, the
six-item short-form is slightly less reliable and sensitive than the full 18-item questionnaire [3,57], and
as such, the prevalence reported in our research may be underestimated. This shortcoming also has
the potential to diminish the strength of association between HFI and self-esteem and self-efficacy.
Lastly, though having demonstrated good internal reliability, the lack of standardized self-esteem and
self-efficacy tools is a limitation of this research.
5. Conclusions
Various studies examined the association between HFI and poor mental health in high-income
countries such as Canada. These studies generally concluded that HFI is associated with poor
mental health outcomes. In this study, we examined in children if self-esteem and self-efficacy
were associated with HFI at three increasing levels of severity. Given there is a hypothetical cyclical
relationship between FI and self-esteem and self-efficacy, interventions that address both child poverty,
low-self-esteem and low self-efficacy are required to break the cycle of intergenerational HFI. Such
actions could improve physical and cognitive health among children now and throughout their entire
lifespan. This is critically important, given the link between mental health problems in childhood and
in later life [11].
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Abstract: The objectives of this study were to: (i) Identify initiatives supporting healthy food
availability, access and utilisation in the South West region of Western Australia (WA); and (ii)
understand how they were functioning as a system to enhance community-level food security
(FS). This study used a novel approach; a Systemic Innovation Lab, to interview initiative
leaders/stakeholders about their FS initiative. Initiative characteristics measured included those
which were associated with creating the effective conditions for FS systems change. Information was
uploaded to an innovative online tool, creating a ‘transition card’ (matrix) of initiatives and partnering
organisations. Fifty-one participants reported on 52 initiatives. Initiatives were most likely to possess
characteristics relating to reinforcing changes towards an enhanced way of working to address FS
and creating disruption to the old way of working. The initiative characteristic that initiatives were
least likely to possess related to identifying the different causal factors of FS, and working with other
stakeholders on specific components of FS. The South West Food Community pilot project used a
comprehensive yet defined approach to demonstrate the value of a place-based, co-design project.
Participants and stakeholders could strengthen specific initiative characteristics to facilitate enhanced
community-level FS.
Keywords: food security; public health; place-based; co-design
1. Introduction
Food security (FS) refers to sufficient physical, economic and social access to safe and nutritious
food at all times [1]. At a community level, this extends to all community residents obtaining adequate
food through a sustainable food system that maximizes self-reliance [2]. Suboptimal or inadequate
food access results in food insecurity (FI) [3], which is known as a complex ‘wicked’ problem [4].
The unique issue is not well understood, nor resolved by any particular individual solution [5].
To facilitate understanding of the issue’s components, four pillars of FS are typically defined: Food
availability, access, utilisation, and stability of the first three pillars [6–8]. Within these pillars, a range
of determinants are described. Food availability drivers include well-located retail options selling
affordable, nutritious food of sufficient quantity [9–12]. Determinants of food access include adequate
resources to access food, private, public and active transport opportunities [9,10,12,13]. Within the
food utilisation pillar, determinants include adequate food preparation, cooking and storage facilities,
cultural considerations, nutrition knowledge and cooking skills to achieve physiological needs [9,10,12].
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The stability of the first three pillars refers to the ability of all individuals, households and communities
to have sustained access to nutritious food at all times [12], thus being food secure.
By and large, most Australians are thought to be food secure [10], with the reported household FI
prevalence at 4% [14] nationally. However, other Australian research suggests this is an underestimate,
with the prevalence reported to be as high as 36% [15]. FS can be particularly challenging to ensure,
especially in rural and remote locations, given the poorer food availability, quality and higher
cost [9,16,17]. Additional challenges associated with financial and physical access to food or nutrition
knowledge and food preparation skills can hamper efforts to achieve FS [9,10,13,16]. Recommendations
to enhance FS across food availability, access, utilisation and stability pillars have included local,
sustainable food supply options, enhanced social support and increasing the number and duration
of food literacy programs [9]. However, given the complexity of this issue, the need to move beyond
viewing FS through pillars alone, and thus adopting a systemic approach, is necessary [18].
Approaches to increase FS systemically include the use of ‘lab’ approaches. These experimental
methods identify societal issues, develop and test impactful ideas to solve such issues [19]. Labs use
varying methods, focus areas, processes and typically possess one or more features identified in the
literature to address wicked issues [19]. However, given the varied scope, their efficacy is limited.
To more effectively address complex issues, a novel lab type coined a ‘Systemic Innovation Lab’ [20],
can be used. This new, holistic lab type includes all elements recommended to address complex
concepts, such as FS [20]. The process is based on a series of principles that create enabling conditions
for adopting a more effective way of addressing complex problems [20]. Features include addressing
the unpredictability of complex problems that have interconnected determinants [20,21], a place-based
focus engaging a variety of stakeholders [18,19,22] transitioning to a new, more effective way of
working [20,23], and self-organisation [20,24]. When these elements are collectively used, this approach
facilitates place-based data collection and identifies governments’ enabling influences for change [20].
It also involves a range of stakeholders from various levels of government and community throughout
the process [20]. Community participation or citizen engagement in health promotion projects ensures
research meets community needs, increases public awareness, improves research translation and
decision-making [25]. It also results in more effective solution generation, increases trust, empowers
participants and increases the potential for proposed strategies or outcomes to be accepted by the
wider community [26].
A critical component of the new Systemic Innovation Lab approach is the nine embedded Focus
Areas, which align with the aforementioned principles to create enabling conditions for change.
Specific Focus Areas include: (1) Create a disequilibrium state (shaking up the current way of
working); (2) Amplify action (transitioning towards a new and better way of working); (3) Encourage
self-organisation (organisations working in new ways); (4) Stabilise feedback (locking in the new
way of working); (5) Enable information flows (disseminating information throughout the system);
(6) Unplanned exploration at the interface between a government bureaucracy and the community
(aligning community organisations’ work with government priorities); (7) Unplanned exploration
at the interface between the elected members of a government and the community (community
organisations shaping government policies); (8) Planned exploitation at the interface between the
community and a government bureaucracy (government using community knowledge and ideas);
and (9) Planned exploitation at the interface between the community and the elected members of a
government (government sharing information about community initiatives). Further detail about
these Focus Areas and their characteristics has been previously published [18,27].
Whilst previous research has investigated the determinants and the prevalence of household FI in
Western Australia (WA) [9,13,16,17,28], a systemic examination of FS at a community level has yet to
be conducted. We currently lack a broad understanding of the initiatives being used to improve FS in
WA. We also lack a comprehensive map of these initiatives across regions, local government areas and
communities. Further, existing partnerships that support these initiatives are yet to be identified. This
highlights a clear gap in evidence and practice, and hampers potential action to enhance FS in WA.
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The resultant piece-meal approach impedes the understanding and improvement of FS, particularly
in rural and remote areas where food system challenges are heightened. The objectives of this pilot
project were therefore to: (i) Identify the initiatives supporting healthy food availability, access and
utilisation in South West WA; and (ii) understand how they are functioning as a system to enhance FS.
2. Materials and Methods
2.1. Sampling and Recruitment
This pilot study took place in the South West region of WA, south of Perth and covers 23,970 km2 [29]
and includes inner regional and outer regional towns [30]. The project utilised a Systemic Innovation
Lab [18] approach, which was based on appropriate features for addressing complex issues such as
FS [20]. This process, developed by the organisation Wicked Lab (www.wickedlab.com.au), aligned
with systemic design and was underpinned by complex systems leadership theories and complex
adaptive systems [18,27]. The methodology used, including the steps of Form, Explore, Map, Learn,
Address and Share (FEMLAS) [20], is explained in detail elsewhere [20] and thus a summary is
presented in this paper. A cross-institutional core team and reference group provided guidance,
feedback and oversight of project processes. Structured individual or group interviews were deemed
the most appropriate data collection method, for FS initiatives and their characteristics. This approach
facilitated assessment of alignment between initiatives’ characteristics and those associated with
transitioning to a more effective way of increasing FS [18].
A Microsoft Excel database was compiled by the project team via an Internet (Google) search of
programs and projects (initiatives) operating in the selected geographical boundary; the South West
region of WA. To be included in the database, initiatives had to focus on one or more FS pillars in
the South West region of WA. Within these pillars, initiatives were required to address one or more
of the determinants of FS, for example healthy food promotion, social support, nutrition knowledge
and cooking skills [6,10]. Example search terms included a broad scope such as ‘food security
programs in South West Western Australia’. Search terms also related to FS pillars, such as ‘food
availability in South West Western Australia’, and FS determinants such as ‘social support programs
South West Western Australia’ and ‘nutrition education programs South West Western Australia’.
The initiative database included the initiative name, a description, start and finish date (if ceased),
initiative owner/stakeholder name, email address, website URL and partnering organisations involved
with the initiative. Interview participants were identified as project coordinators, staff, volunteers or
committee members working on one or more initiatives. In addition, database contacts were added
from existing stakeholder network databases. An organisation database included the administering
organisation’s name, a description of the organisation, sector (i.e., business, not-for-profit organisation)
and website URL.
To increase stakeholder buy-in, recruitment and to identify additional initiatives, stakeholders
from state and local government, community organisations and community members were invited
to a project launch. During this launch, the proposed process was outlined and participants were
engaged in a scoping activity to outline the current South West region initiatives focusing on the FS
pillars. The purpose of this activity was to familiarise attendees with the local FS system and identify
further potential initiatives for inclusion. Identified stakeholders from the Internet search and project
launch (n = 79) were invited by email to participate in an interviewer-administered survey and sent an
information letter and consent form. A minimum of three follow up contacts were made to recruit
participants. Of these, 51 stakeholders consented to participate in an interview (65% response rate).
2.2. Instrument
A 45-item survey tool was developed by the project team and was linked to Wicked Lab’s Tool
for Systemic Change [31], a digital tool designed specifically to address wicked problems. The Tool
for Systemic Change was based on a model focusing on 36 initiative characteristics embedded within
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the nine aforementioned Focus Areas. These Focus Areas and their characteristics were associated
with creating desirable conditions for systems change; transitioning to a more effective way of
enhancing FS [18,20]. Each Focus Area characteristic was linked to a survey question. The survey was
cross-checked by Wicked Lab consultants to ensure the questions retained the intent of the Focus Area
characteristics. An example of a Focus Area 1 characteristic included ‘cultivate a passion for action.’ [18].
The related interview question was “Does your initiative create a passion for the community to take
action around food security? (i.e. encouraging/influencing the system to a new way of working, such
as community getting involved with creating a local edible garden)”. See Supplementary Table S1 for a
complete list of Focus Areas, their associated characteristics and survey interview questions. Response
options to questions included ‘Yes’ or ‘No’. Participants were asked to provide a comment on why
they believed that their initiative did or did not contain this characteristic. Additional survey items
included demographic questions such as worker type, years working in the field, a description of their
initiative/s and partner organisations with whom they were working.
2.3. Data Collection
Interviews
Qualitative interviews were the chosen data collection method, and are deemed appropriate for
the investigation of novel concepts or issues [32]. Interviews afford a greater understanding of such
issues [33]. Data collection occurred between July–October 2018 by two interviewers. Individual or
group interviews using the survey tool were conducted in person (n = 3) or via telephone (n = 38) with
a total of 51 participants. To ensure rigour and consistency, both interviewers co-conducted the first
interview, which commenced with a verbal preamble about the study purpose, format and number
of questions. Interviewees were advised there were no correct or incorrect answers; the responses
were based on their perception of their initiative. Interviewers proceeded to ask all questions to
respondents, taking notes during each interview and digitally entering responses into a Microsoft
Excel spreadsheet thereafter.
2.4. Data Entry and Analysis
Microsoft Excel was used to manage interview data before being uploaded to Wicked Lab’s Tool
for Systemic Change [18,31]. The Tool for Systemic Change captured information about the organisation
that owned the initiative, contact details, any partnering organisations working on the initiative and
details about the length of time the initiative had been operating. The Tool for Systemic Change
also included a series of tick boxes relating to each Focus Area and their characteristics, which were
ticked where the initiative met the characteristics [20]. In addition, text boxes captured open-ended
responses explaining how the initiative did or did not possess the characteristic. This enabled the
creation of a visual ‘transition card’ (matrix) displaying the initiatives and the characteristics they
possessed, within the nine Focus Areas (Figure 1) [18]. If the initiative possessed the characteristic
within the Focus Area, the cell on the transition card corresponding to the tick box response was
filled. This provided a visual representation of each initiative’s contribution to systemic change [20].
In addition, it displayed how the ‘solution ecosystem’ of initiatives and their partner organisations
collectively contributed towards systemic change in the South West WA region. The transition card
was subsequently analysed initiative by initiative and as a whole, to highlight gaps in opportunity that
could be harnessed to improve FS across the region. Reports generated in Microsoft Excel format by
the Wicked Lab tool included descriptive statistics of: The total number of initiatives; total number of
partnering organisations; number of organisations by sector (i.e., business, not for profit); the number
of partner organisations per initiative; and number of initiative per organisation [18]. A report also
provided the number and proportion (%) of initiatives that met each Focus Area’s characteristics.
Initiatives were then summed by FS pillar in an additional report; categorised into ‘food availability’,
‘food access’ or ‘food utilisation’ pillars. Food availability initiatives were categorised where they
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aligned with the definition of “sufficient quantities of food of appropriate quality, supplied through
domestic production, imports” [34]. This included food sourced through formal or informal means,
such as through community gardens. It incorporated initiatives that aligned with one or more of the
food availability pillar determinants of food availability, food price, location of outlets, food quality,
promotion, or food variety [6,9,10]. An example includes a health and wellbeing plan supporting local
agricultural development, with the purpose of increasing healthy food availability. Food access was
defined as “the resources and ability that communities, households and individuals have in order to
acquire and consume a healthy diet” [34]. Initiatives were categorised within this pillar if they aligned
with one or more of its determinants of social support, household finances, transport, distance to
outlets and mobility [6,9,10]. An example initiative included a fresh produce swapping group open to
any community member. The food utilisation definition included “utilisation of food through adequate
diet, clean water, sanitation to reach a state of nutritional wellbeing, where all physiological needs
are met [34].” Initiatives were categorised within this pillar if they aligned with one or more of its
determinants of nutrition knowledge and cooking skills, food preferences, storage or cooking facilities
or time to purchase and prepare food [6,9,10]. An example initiative is a community strategy that
supports nutrition education.
After results were reviewed by the project team, participants were invited together in a
results-sharing and action planning forum. Forum participants (n = 20) were provided with a second
briefing paper which outlined the process taken and a copy of the overall transition card. In addition,
each participant was provided with an individual summary report for their initiative/s, to facilitate
understanding of strengths and ‘windows of opportunity’ to strengthen. A facilitated action-planning
session with provision of examples allowed participants to develop initiative action plans, which
outlined strategies to fill identified gaps and enhance their initiative/s functioning to address FS.
Participants also discussed potential new FS initiatives, which could be explored to fill identified gaps
in the system. A workshop video recording and Microsoft Power Point slides were sent along with
individual action plans to participants not able to attend the workshop.
All participants gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki of 1975, revised in 2013,




A total of 41 individual or group interviews were conducted, with 51 participants. Interviewees
were most often volunteers, volunteer leaders or committee members (n = 13), followed by directors,
managers or coordinators (n = 11). Participants had worked, on average, three years in their field.
Table 1 presents a demographic profile of study participants’ worker type.
3.2. Partnering Organisations
There were 83 partnering organisations working on identified initiatives. The majority of
interviewees reported partnering with not-for-profit groups (37%), businesses (24%) and state
government organisations (19%) to deliver their initiative/s. Table 1 outlines the frequency of
partnering organisation type.
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Table 1. Participant Demographics.
Worker type n (%)
Education professional 1 (2)
Food producer/farmer 6 (11)
Environmental health officer 1 (2)
Community development officer, services worker or support officer 7 (13)
Director, manager or coordinator 11 (21)
Volunteer, volunteer leader or committee member 13 (24)
Health professional (i.e., health promotion officer, nutritionist, dietitian, nurse) 9 (17)
CEO or President 2 (4)
Social enterprise manager 1 (2)
Sustainability or recycling officer 2 (4)
Total 53 * (100)
Partner organisation n (%)
Local government 9 (11)




Formal community group 3 (4)
Informal community group 3 (4)
Total 83 (100)
* Some participants performed more than one role in their initiative/s.
3.3. Initiative Characteristics
A total of 52 initiatives were captured in the mapping process. Initiatives were categorised by
FS pillar, with 32 initiatives relating to the ‘food availability’ pillar. Example initiatives within this
pillar included farmers’ markets, food trails, local government plans and agritourism initiatives. Thirty
initiatives related to the ‘food access’ pillar and included produce swapping groups, community
gardens and community plans outlining objectives or strategies to increase community food access.
A total of 31 initiatives were categorised within the ‘food utilisation’ pillar and were provided
by way of community nutrition education initiatives, educational farm stays and other examples
including fundraising activities through FS awareness-raising events. No initiatives were categorised
in the ‘stability’ pillar. Most initiatives focused on a combination of food availability, access and/or
utilisation dimensions.
3.4. Focus Areas and Initiative Characteristics
Overall, initiatives were most likely to possess characteristics within Focus Area 4, ‘stabilise
feedback’, which related to reinforcing progression to an enhanced way of working (Table 2). This was
followed by Focus Area 1, ‘create a disequilibrium state’, which related to disrupting the old/previous
way of working. The initiative characteristic met by the majority of initiatives (92%) included the Focus
Area 1 characteristic ‘highlight the need to organise communities differently’. This characteristic related
to the initiative encouraging communities to address FS in a new or innovative way. Equally, 92% of
initiatives reportedly possessed the Focus Area 5 characteristic ‘assist in the connection, dissemination
and processing of information’. This was achieved either through a newsletter, website or through
social media.
The initiative characteristic that was least likely to be met included the Focus Area 2 characteristic
of ‘partition the system’ (n= 10, 19%). This could include identifying the different causal factors (parts)
of FS and working with other stakeholders on specific parts of FS. An example provided to participants
that exemplified this characteristic included a working group made up of members of various sectors,
collectively working towards a strategy. This was followed by only 14% of initiatives addressing
the characteristic of ‘assist elected members to frame policies in a manner which enables community
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adaptation of policies’. An example provided to participants included a local government putting a
call out for community ideas supporting healthy food access through social media.
Table 2 depicts the frequency and proportion of initiatives that met Focus Area characteristics.
Results were determined by interviewee responses to the survey questions that linked to each
characteristic. A detailed explanation of these characteristics has been published elsewhere [27].
Table 2. Frequency of initiatives meeting Focus Areas and characteristics.
Focus Areas and Characteristics Met by Initiatives n (%)
Focus Area 1: Create a disequilibrium state (Shaking up the current way of working)
Highlight the need to organise communities differently 48 (92)
Cultivate a passion for action 39 (75)
Manage initial starting conditions 46 (88)
Specify goals in advance 43 (83)
Establish appropriate boundaries 46 (88)
Embrace uncertainty 34 (65)
Surface conflict 34 (65)
Create controversy 25 (48)
Focus Area 2: Amplify action (moving to a new and better way of working)
Enable safe fail experimentation 41 (79)
Enable rich interactions in relational spaces 42 (81)
Support collective action 38 (73)
Partition the system 10 (19)
Establish network linkages 40 (77)
Frame issues to match diverse perspectives 21 (40)
Focus Area 3: Encourage self-organisation (organisations working in new and more effective ways with each other)
Create correlation through language and symbols 40 (77)
Encourage individuals to accept positions as role models for the change effort 27 (52)
Enable periodic information exchanges between partitioned subsystems 40 (77)
Enable resources and capabilities to recombine 31 (60)
Focus Area 4: Stabilise feedback (the new way of working becomes the dominant way of working among the
organisations in the system).
Integrate local constraints 42 (81)
Provide a multiple perspective context and system structure 39 (75)
Enable problem representations to anchor in the community 47 (90)
Enable emergent outcomes to be monitored 42 (81)
Focus Area 5: Enable information flows (helping to get information spread throughout the system)
Assist system members to keep informed and knowledgeable of forces influencing their community system 34 (65)
Assist in the connection, dissemination and processing of information 48 (92)
Enable connectivity between people who have different perspectives on community issues 40 (77)
Retain and reuse knowledge and ideas generated through interactions 34 (65)
Focus Area 6: Public administration–adaptive community interface (Helping the work undertaken by community
organisations to align with government priorities)
Assist public administrators to frame policies in a manner which enables community adaptation of policies 21 (40)
Remove information differences to enable the ideas and views of citizens to align to the challenges being
addressed by governments 22 (42)
Encourage and assist street level workers to take into account the ideas and views of citizens 28 (54)
Focus Area 7: Elected government–adaptive community interface (Creating government policies that are shaped by
community organisations)
Assist elected members to frame policies in a manner which enables community adaptation of policies 14 (27)
Assist elected members to take into account the ideas and views of citizens 21 (40)
Focus Area 8: Community innovation–public administration interface (Government using community
knowledge and ideas)
Encourage and assist street level workers to exploit the knowledge, ideas and innovations of citizens 20 (38)
Bridge community-led activities and projects to the strategic plans of governments 23 (44)
Gather, retain and reuse community knowledge and ideas in other contexts 21 (40)
Focus Area 9: Community innovation–elected government interface (The government sharing information about
community initiatives operating in their area)
Encourage and assist elected members to exploit the knowledge, ideas and innovations of citizens 20 (38)
Collect, analyse, synthesise, reconfigure, manage and represent community information that is relevant to the
electorate or area of portfolio responsibility of elected members 24 (46)
Figure 1 provides a visual representation of the ‘transition card’ of initiatives (y-axis) and
their associated Focus Area characteristics (x-axis). The visual representation identifies gaps and
opportunities from a set of unlinked community-based initiatives. As seen by the uncoloured cells,
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and as presented in Table 2, initiatives were least likely to possess characteristics within Focus Areas 6–9,
which focused on the community–government interface. Example characteristics included government
staff working with community groups through a committee, or investigating how the government
could support initiatives that were addressing the objectives in the government Strategic Plan. Each
initiative owner received an individual summary report highlighting their associated row within
Figure 1.
Figure 1. South West WA Food Community ‘transition card’ at baseline mapping.
4. Discussion
The objectives of this project were to: (i) Identify the initiatives supporting healthy food availability,
access and utilisation in South West WA; and (ii) understand how they were functioning as a system to
enhance FS. This pilot project resulted in the identification of 52 initiatives in the South West solution
ecosystem. Of these, 32 initiatives related to healthy food availability, 30 focused on food access and 31
initiatives focused on food utilisation. Most initiatives focused on a combination of availability, access
and/or utilisation dimensions. To deliver their initiatives, organisations partnered with state and
local government, as well as the not-for-profit and business sectors. Initiatives were investigated to
determine presence of characteristics associated with addressing complex problems, and encouragingly,
many communities addressed FS in a new or different way. Information dissemination about FS was
also a common attribute, and the majority of initiatives possessed this characteristic. Initiatives were
least likely to partition the FS system, for example working with cross-sector stakeholders to address
components of FS, or achieve the Focus Areas of 8 and 9—the interface with public administration and
elected members.
Previous literature has demonstrated the value of encouraging communities to take a new
approach to address complex problems [23,27], to disrupt the system; a characteristic that the majority
of initiatives in this project possessed. Similarly, the importance of ensuring information flows
throughout the system, whilst it is transitioning from old to new approaches has been reinforced [23,27].
Most of the initiatives captured in this project shared information through the FS system via newsletters
or electronic means. Previous evidence has reported the value of stakeholder engagement opportunities
afforded by social networking sites, such as awareness raising, sharing program success, or support
fundraising efforts [35]. Although less than half of the initiatives possessed the characteristic
‘partition the system’, previous evidence has acknowledged this characteristic is imperative to support
stakeholders to be co-creators of initiatives [20,36]. The value of co-creation lies in its facilitation
of needs-based research design, effective decision-making and solution generation, community
empowerment and resultant action [25,26].
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This project has answered the call of previous research, contributing to a greater understanding
of how FI can be addressed as a wicked problem through the use of a Systemic Innovation Lab
approach [18]. The approach utilised in this project has supported the South West FS system of
organisations and initiatives to identify where their initiatives are functioning effectively to address
FS. It also assisted participants to identify where changes were required within their initiatives,
to incorporate characteristics within specific areas to leverage change. For example, an outcome of
participating in the action-planning forum could include a Local Government Authority hosting a
community consultation to review their proposed Public Health Plan, to ensure it meets their needs
associated with healthy food availability, access and use. This change would result in the initiative
possessing characteristics associated with creating policies that the community shape. Another example
could include a community group providing their local government staff with a solution template
about FS, explaining how their initiative supports it. This action would result in the community
initiative possessing a characteristic associated with sharing information about community initiatives.
If multiple initiatives changed their practice and incorporated strategies that linked to associated
characteristics they were previously lacking, the system of initiatives would have transitioned to a
new and more effective way of supporting FS. Thus, resulting in systemic change and enhancing
community-level FS in the region [20]. In addition, the project has used steering strategies to create
opportunities for government and community stakeholders to interact, resulting in the collaborative
design of adaptations to existing and potential new FS initiatives. For example, cross-pollination of
ideas and advice between such stakeholders at the action-planning forum. Therefore, supporting
enhanced FS governance [18]. However, further research is now required to evaluate changes to
initiatives that occur as a result of the Systemic Innovation Lab approach [20]. This work will involve
interviewing initiative leaders to ascertain changes to initiative characteristics and then recreating the
transition card to measure impact on the food security system. In addition, conducting further research
on a larger scale would likely ensure initiatives addressing the ‘stability’ FS pillar are captured and
would facilitate region-to-region comparisons.
This project possessed a number of strengths, such as a more rigorous evaluation of initiatives’
capacity to transition towards enhancing FS. A known limitation of FS initiatives to date has been
limited assessment of this impact [37]. Another strength was the innovative Systemic Innovation
Lab [20] approach used to support multiple initiatives to transition to a more effective way of
enhancing FS [20]. By taking a solution ecosystem approach, the complexity associated with FS
was considered [20]. The place-based nature of the project also enabled the identification of synergies
within the local context and across social, economic, environmental and cultural dimensions [20].
The use of a common platform to connect the various stakeholders participating in the project was
another strength [20,38], which increased stakeholder awareness of the characteristics their initiative/s
possessed, as well as the opportunities for improvement. The engagement of these stakeholders as
co-creators [20] was another strength. However, the pilot project is not without limitations. This project
included a small sample of stakeholders (n = 51), limiting its generalisability and also limiting the
capture of all existing initiatives in the South West region of WA. Secondly, given the variability in
respondents’ roles, varying levels of details about initiatives were captured. In addition, this project
did not involve verification of respondents’ comments about initiative characteristics with document
analysis or collection of any other program information. Thirdly, the transitioning to a more effective
way of working may not have been the intention of the organisations, and the possession of the desired
characteristics may have been by chance. This project required translation from complex academic
language associated with theories that underpinned the constructs, to plain English. Two team
members had participated in a six-month Complex Systems Leadership Program [39], delivered by
Wicked Lab and focusing on the constructs that underpinned the project model. Therefore, these team
members led the development of the survey tool used in interviews as well as crosschecking the tool
with Wicked Lab’s consultants, to ensure language used was appropriate for all participants whilst
retaining the integrity of the model. However, the other project team members had not participated
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in the training. Full team member training would likely facilitate enhanced understanding of project
concepts among participating stakeholders. Finally, as this project was a pilot, a limited number
of initiatives were uncovered in the discrete project timeframe. This resulted in no identification of
initiatives addressing the ‘stability’ pillar of FS. Though it remains unknown whether such initiatives
exist in the region.
5. Conclusions
FS focuses on ensuring physical, social and economic access to food. While FS in rural and remote
locations can be challenging to sustain, the South West region provided numerous opportunities to
increase community-level FS. This pilot project investigated FS strategies being implemented across
the South West region of WA. It mapped their initiative characteristics to desirable characteristics using
an online tool. This comprehensive but defined approach demonstrated the value of a place-based
co-design approach to addressing FS.
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Abstract: Dietary compromises related to food insecurity profoundly undermine health and constitute
a serious public health issue, even in developed nations. The aim of this study was to explore the
impact of food labelling and product attributes on the purchasing choices of food-insecure households
in Australia. An online survey containing 19 food choice and 28 purchasing behaviours questions
was completed by 1056 adults responsible for household grocery shopping. The short form of the
US Household Food Security Survey Module was used as the food security indicator. Multinomial
logistic regression modelling was employed to analyse the survey data. Respondents were classified
as having either high-marginal (63.4%, n = 670), low (19.8%, n = 209) or very low (16.8%, n = 177)
food security. Respondents with low or very low food security status were less likely to self-report
understanding the information on the back of packaging (p < 0.001), find information on food
labels useful (p = 0.002) or be influenced by product nutrition information (p = 0.002). Convenience
(p < 0.001), organic (p = 0.027) and supermarket-branded products (p < 0.001) were more likely to be
rated as important by food-insecure respondents when compared to their food-secure counterparts.
When asked to rate “how healthy” their diet was, high–marginal FS respondents were twice as likely
describe their diet as healthy than very low FS respondents (p = 0.001).
Keywords: vulnerable groups; food poverty; food insecurity; food literacy; public health
1. Introduction
A nutritionally adequate diet is increasingly viewed as the leading modifiable factor in the
prevention of chronic disease [1]. Regardless of this, the majority of Australians have suboptimal intakes
of nutrient dense foods, such as fruit and vegetables, and compliance to the national dietary guidelines is
low [2]. Food-insecure households are thought to be a particularly vulnerable subpopulation and are more
likely exhibit a poorer diet quality than the general Australian population [3–6]. Food insecurity exists
“whenever the availability of nutritionally adequate and safe foods, or the ability to acquire acceptable
food in socially acceptable ways, is limited or uncertain” [7]. The current reported national prevalence of
food insecurity is 3.7% [2]. However, other Australian researchers have found the rate of food insecurity
to be as high as 25% [8] to 36% [9] when a more sensitive food insecurity measure has been applied.
Food insecurity occurs on a continuum of severity which may exist with or without hunger
depending on the scarcity of nutritious food. Individuals experiencing mild or “low” food security may
try to avoid hunger by reducing portion sizes, skipping meals, choosing cheaper foods or reducing diet
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variety [10]. Reduced intake of fruit and vegetables, overconsumption of high energy, nutrient-poor
foods and decreased diet diversity, are frequently viewed as characterising features of mild forms of
food insecurity in developed nations [11–13]. However, when food is simply not available, coping
strategies prove ineffective and hunger is inevitable. Food insecurity with hunger is synonymous with
severe food insecurity or “very low” food security (FS) [10]. The dietary compromises related to even
mild forms of food insecurity have been cited as significant, profoundly undermining health [8,14].
When prevalence is considered, food insecurity constitutes a serious public health issue, even in
developed nations such as Australia [15].
Recently, as a strategy to improve purchasing behaviours and address poor dietary intakes of
Australians, there has been conscious effort to improve and simplify food labelling (particularly front
of pack information including nutrition claims) [16]. In other developed nations, the majority of
consumers report using food labels to assist in food choices [17,18]. While interest in food labels may
be high, Sharf, et al. [19] suggests the public’s actual understanding of the topic is low.
The nutritionally inferior dietary patterns of food-insecure people are generally regarded as a
symptom of economic constraints [11]. There is limited research about other factors (such as food labels
and product attributes) influencing food choices and the flow-on effect to consumption behaviours
in this subpopulation. To the authors’ knowledge, no Australian research has been conducted into
food-insecure households’ self-reported use or understanding food labels. In addition, only one study
outside Australia has investigated this, specifically how food-insecure people residing in America
interpret food labels [20]. This research forms one component of a multidisciplinary study investigating
food shopping and consumption behaviours. The purpose of this article is to explore the impact of
food labelling and product attributes on the food choices of food-insecure individuals.
2. Materials and Methods
The aims of this study were to: (1) Assess the extent to which food-insecure people find food labels
useful when making food choices, (2) determine if other product attributes, such as cost and quality,
affect purchasing choices and (3) consider how these factors may translate into consumption behaviours.
An online survey investigating food choices and purchasing behaviours was conducted between
November 2014 and February 2015. All participants were recruited through a commercial research
company, and survey administration was through Qualtrics (Provo, Utah, USA). Respondents were
required to be over 18 years of age, the main household grocery purchaser and located in one of five
Australian states (New South Wales, Victoria, Western Australia, South Australia and Queensland).
As the survey was disseminated online, internet access was necessary for participation. No further
inclusion or exclusion criteria were applied. In Australia, approximately a third of primary household
grocery shoppers are thought to be male [21]. Therefore, an adequate quota for male representation
was set at a minimum proportion of 30% in an effort to make the sample population comparable to the
Australian general population. Quotas were also established for age and location, in order to align
with the general Australian population [22].
2.1. Survey Content
The survey comprised: Twelve sociodemographic questions (including age, gender, immigration,
occupation, education, household income, household structure and marital status), the six-item US
Household Food Security Survey Module (HFSSM), twenty-eight food purchasing and nineteen
consumption questions.
The six-item HFSSM was included as a food security indicator. The short form was selected due to
the comparable accuracy with the longer 18 item form (correctly identified 97.7% of households), while
simultaneously having the added benefit of reduced respondent burden [23]. Food security (FS) status
was categorised and named in accordance with the HFSSM user notes [24], and the authors’ previous
research outlines a more detailed methodology [9]. The three levels of household FS referred to in
this study are: High-marginal FS (no anxiety about accessing adequate food), low FS (reduced quality,
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variety and desirability of diet, but no reduction in quantity of food) and very low FS (intermittent
disruption of eating patterns and reduced food intake of one or more household members) [10]. For the
purpose of this research, food insecurity is considered a broader term encompassing households
reporting both low and very low FS [24].
The food purchasing behaviour indicators consisted of a total of 28 questions: Eleven on product
attributes, nine on food label reading and an additional eight on nutrition claims. The selection of
product attributes questions was influenced by an extensive literature review, not included in this paper,
of the associated factors of food insecurity. Food label reading questions were developed to demonstrate
how useful consumers found nutrition information on packaging. Questions relate to both the front of
pack nutrition claims and the back of pack information (including the nutrition information panel and the
ingredient list). In Australia, nutrition claims are statements about the content of particular substances
or nutrients in a food product, for example “low fat” or “high protein” [25]. Nutrition claims reflected
eight commonly used terms on food packages at the time of survey administration: Low glycaemic index,
kilojoules, sugar, preservatives, carbohydrates, saturated fats, sodium and high protein [26].
Food and beverage consumption questions were based on the standard serve or serving sizes
outlined in the 2013 Australian Dietary Guidelines [27]. Respondents were asked to estimate the
number of standard serves consumed for each food grouping on a typical day. Foods and drinks were
classified into 18 distinct groupings for analysis. In conjunction with the dietary intake questions,
respondents were also asked to rate the perceived healthiness of their diet.
2.2. Statistics
Response categories for the food purchasing questions were collapsed from a five-point scale
(strongly agree to strongly disagree) to a three-point scale (agree, neither agree nor disagree and
disagree), due to low cell counts in some categories. The response categories for the 18 food consumption
indicators are defined by a five-point scale (0, 1, 2, 3, 4 or more serves) and were collapsed, if necessary,
when low counts were observed.
All food purchasing and consumption behaviour indicators were entered into a multinomial
logistic regression model to formally examine their relationship with FS status. Age, household income,
marital status and education were established as significant sociodemographic predictors of FS status
in the authors’ previous research [9]. These variables were controlled for in all models. Statistical
Package for Social Sciences (SPSS) (IBM Corp. Version 20, Armonk, NY, USA) was employed to analyse
the survey data. Statistical significance was set at p ≤ 0.05.
2.3. Ethics Approval
Ethics approval was granted by Edith Cowan University’s Human Research Ethics Committee
(# 11118). All participants involved in this study provided informed written consent upon agreeing




The survey was completed by 1056 Australian participants (5442 invited, response rate: 19.4%).
Table 1 describes the respondent group using characteristics, with the exception of gender, previously
established to be associated with FS. The majority of respondents were classified as having
high–marginal FS status (63.4%, n = 670), followed by low (19.8%, n = 209) and then very low
(16.8%, n = 177). In relation to household income, respondents were most likely to indicate an income
in the low (31.6 %, n = 334), followed by the middle (24.3 %, n = 257) and high (24.1%, n = 255) brackets
(Table 1). Approximately two thirds (62.4 %, n = 659) of respondents were in a de facto relationship or
married. Over 73% (n = 771) of respondents had attained some form of post-secondary education.
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3.2. Food Purchasing Behaviours and Food Security Status
From the 28 food purchasing indicators assessed, just under half (n = 11) were significantly
associated with FS status (refer to Tables 2 and 3). Of the significant indicators, five were related to
“food labels” (Table 2) and six were “food product attributes” (Table 3). None of the nutrition claims
were found to be significant. All models were adjusted for education, household income, marital status
and age. The response rates (Tables S1–S3) and analysis of all indicators (Tables S4–S6) can be found in
the Supplementary Materials.
3.2.1. Food Label Indicators
Respondents with high–marginal FS status were more likely to agree that they understood the
information on the back of packaging (p < 0.001) and that food label information was useful (p = 0.002),
in comparison to those with low or very low FS status (Table 2). In contrast to the high–marginal FS
group, low or very low FS respondents were less likely to read food labels (p < 0.001), be influenced by
product nutrition information (p = 0.002) and were more likely to think there was too much information
on a food packages (p < 0.001) (Table 2).
3.2.2. Food Product Characteristics
No significant relationships were reported between FS status and cost (p = 0.117), Australian
grown products (p = 0.889), those in season (p = 0.614), local (p = 0.205) or unprocessed products (p
= 0.521). High–marginal FS respondents were more likely to rate quality (p = 0.010) and nutrition
(p = 0.021) as important when compared to low or very low FS respondents (Table 3). Conversely,
convenience (p < 0.001), organic (p = 0.027) and supermarket-branded products (p < 0.001) were more
likely to be rated as important by low FS respondents than those with high–marginal FS (Table 3).
3.3. Food Consumption
When adjusted for sociodemographic variables, eight food groupings (bread, fruit juice, salad
and vegetables, potato (not including chips), pasta, rice or noodles, poultry, nuts and seeds and water)
were significantly associated with FS status (Table 4). High–marginal FS respondents were more likely
to report higher consumption of salad and vegetables (p = 0.003), pasta, rice or noodles (p = 0.007) and
nuts and seeds (p < 0.001) compared to food-insecure respondents. Very low FS respondents cited the
lowest consumption of bread (p = 0.014), potato (p < 0.001) and poultry (p = 0.020). Food-insecure
respondents reported the highest fruit juice (p = 0.043) intake and, conversely, the lowest water (p <
0.001) intake. Refer to Table S7 in the Supplementary Materials for consumption indicator response
rates. When asked to rate “how healthy” their diet was, high–marginal FS respondents were twice as
likely to describe their diet as healthy than very low FS respondents (p = 0.001).
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4. Discussion
This study contributes to the understanding of how food labels and other factors are associated
with the purchasing decisions of a food-insecure population. These findings indicate those experiencing
food insecurity are less likely to self-report understanding, using or being influenced by food labels.
Similarly, Gittelsohn, Song, Anliker, Sharma and Mattingly [20] found food-insecure households in
Baltimore City in the USA had the lowest label reading scores, and the procurement of healthy food
was directly related to this nutrition knowledge. Interest in food labels is generally thought to be
high, with approximately 70% individuals reporting taking notice of food labels in both Israel and the
United Kingdom [17,18]. Similarly, the majority of our study’s respondents (53% low and very low FS
to 59%—high–marginal FS) indicated they read food labels. However, Sharf, Sela, Zentner, Shoob,
Shai and Stein-Zamir [19] suggested consumer understanding of these labels is low. Self-reported
understanding of food labels in our study was relatively low in general (59%) but was significantly
lower in the food-insecure group (48%). This significance remained even when formal education was
controlled for, implying that higher educational attainment may not necessarily translate into the
demonstration of greater food literacy skills in food-insecure populations. This lack of knowledge or
food literacy may result in an inability to decode or apply information and may be linked to a sense of
being deliberately misled, which may ultimately impact healthy food choices [28].
Despite nutrition labels not being rated as important, our study revealed that convenience, organic
status and supermarket-branded products were seen as important by food-insecure individuals.
Cost or perceived cost of healthy food is frequently cited as a significant barrier for food-insecure
households [8,29–33], yet cost was not found to be significantly related to food insecurity in our
research. A possible explanation for this is that the vast majority of respondents, regardless of FS status,
considered cost an important determining factor in their purchasing decision process. Food-insecure
respondents did, however, look for supermarket “home” brands or “no name” brands more than their
food-secure counterparts, and these tend to be a cheaper option. Previous research has identified
purchasing supermarket-branded products as a cost-saving measure employed by food-insecure
households [11]. Other coping strategies identified in the literature are reducing the quality and
nutritional value of food as a means of maximising the household spending power [34]. These coping
strategies are reflected in the present research, where quality and nutrition were rated as less important
by food-insecure respondents.
Lack of time has been cited as a barrier to obtaining and preparing healthy foods in food-insecure
households in several studies [29,33,35,36]. Indeed, food-insecure respondents in our research highly
valued convenience, but it is unclear how these individuals make trade-offs between convenience and
price. Another product attribute considered important by food-insecure respondents in this study
was organic produce. This mirrored the results from our previous research, where food-insecure
interviewees indicated that organic food equated to healthy food, and this was one of the reasons cited
for the perceived higher cost of nutritious food [36]. It is plausible that increased provision of food
literacy education, with an emphasis on understanding food labels, identification of cost-effective and
convenient healthy food options, may assist those experiencing low food security in maximising their
income and diet diversity [37]. More research is warranted in this area.
There is a growing body of evidence demonstrating food insecurity is associated with suboptimal
nutritional status and poorer diet quality [38–40]. Certainly, food-insecure respondents in our study
were more likely to perceive their diets to be “unhealthy” when compared to their food-secure
counterparts. There is agreeance in the research that food insecurity is related to ongoing dietary
compromise [4,6,20], but there is debate about the exact concessions made. Respondents classified as
having low FS in this study reported greater or similar intakes to their high–marginal FS counterparts for
many food groups. This implies, in line with the definition of low FS, that whilst these respondents may
be reducing the quality or variety within the food groups, the overall volume of food consumed appears
to be similar. Australian adults experiencing food insecurity in this study consumed significantly less
pasta, noodles or rice, salad or other vegetables and water compared to those who were food-secure.
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On the other hand, fruit juice intake was higher in food-insecure households. In agreeance with our
findings, several other studies have indicated food-insecure households may displace water intake with
sugar sweetened beverages [39,41]. Canadian and US studies have demonstrated greater consumption
of fast food, sugary drinks, fruit juice and snack foods in food-insecure populations [11,42–44].
Nevertheless, findings from outside of North America are less consistent, perhaps highlighting
differing eating patterns and behaviours based on geographical location and culture. For example,
food-insecure Pacific Island families residing in New Zealand were more likely to favour nutritionally
dense foods (bread, fruit and vegetables) instead of energy dense foods (sugary drinks, ice cream and
alcohol) [45].
Approximately 90% of all respondent groups in our study cited vegetable intakes below the
recommendation of five serves [27], results similar to Australian national survey findings [46]. Despite
the overall low intake of vegetables by participants in our study, the food-insecure group still
demonstrated a significantly lower consumption rate in comparison to those who were food-secure.
Compared to the results of a New Zealand study, our findings also suggest food-insecure households
may be prepared to reduce spending on vegetables or bread but not meat products, with the exception
of poultry. Furthermore, poultry and nuts and seeds are perceived as ‘luxury’ or expensive items in
Australia [38], and this may explain limited intake of these foods in food-insecure households.
Although this study utilised a large, representative sample size, there are several limitations
that need to be considered when interpreting the results. Firstly, self-reported research is subject
to various disadvantages, including social desirability bias [47]. This study only investigated the
self-reported understanding and use of food labels. Observational research has found consumer
interaction with food labels was considerably lower than self-reported usage and understanding [48].
Therefore, the actual food label behaviours of the respondents may be different from those cited in this
study’s survey. Secondly, the dietary consumption tool used in this study did allow for comparison
to the Australian dietary guidelines; however, changes in food quality and variety over time [5,6],
fast food intake [8] or cyclical eating patterns [49] were not captured. These are potentially important
dietary considerations for food-insecure populations. Thirdly, aspects not considered in this study
were the impact of Aboriginal and Torres Strait Islander status or geographical remoteness. This may
be important as both the aforementioned aspects are considered noteworthy social determinants of FS
in Australia [50–52], and therefore, generalising these results across all sub populations is cautioned.
5. Conclusions
This research indicates food-insecure respondents are less likely to self-report understanding,
using or being influenced by food labels when making purchasing decisions. However, factors
such as convenience, super-market-branded and organic status were viewed as important by this
subpopulation. Food-insecure respondents in this study were more likely to consider their diet
“unhealthy”, and there were variances in reported dietary intake when compared to their food-secure
counterparts. It is possible that factors other than the income or financial constraints outlined in this
study may have an impact on the dietary intake of food-insecure people, but more research is needed
to support this theory.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/4/828/s1,
Table S1: Response, by three categories of food security, frequencies and proportions for a single consumption and
food label indicators, Table S2: Response, by three categories of food security, frequencies and proportions for
nutrition claim indicators, Table S3: Response, by three categories of food security frequencies and proportions for
product attribute indicators, Table S4: Response, by three categories of food security p-values and odds ratios of
single consumption and food label indicators, Table S5: Response, by three categories of food security p-values
and odds ratios of nutrition claim indicators, Table S6: Response, by three categories of food security p-values and
odds ratios of product attribute indicators, Table S7: Response, by three categories of food security, frequencies
and proportions for consumption behaviours.
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Abstract: Food literacy is seen as a key component in improving the increasing levels of food
insecurity. While responsibility for providing training falls on the charitable service organizations,
they may not have the capacity to adequately reach those in need. This paper proposes a tertiary
education - (university or higher education) led model to support the food literacy training needs
of the food charity sector. A cross-sectional study comprised of online surveys and discussions
investigated food services offered by Western Australia (WA) and Australian Capital Territory (ACT)
agencies, food literacy training needs for staff, volunteers and clients, and challenges to delivering
food literacy training programs. Purposive sampling was used, and ACT and WA charitable service
originations (survey: ACT n = 23, WA n = 32; interviews: ACT n = 3, WA n = 2) were invited to
participate. Findings suggest organizations had limited financial and human resources to address the
gap in food literacy training. Nutrition, food budgeting, and food safety education was delivered
to paid staff only with limited capacity for knowledge transfer to clients. The Food Literacy Action
Logic Model, underpinned by a tertiary education engagement strategy, is proposed to support and
build capacity for organizations to address training gaps and extend the reach of food literacy to this
under-resourced sector.
Keywords: charitable food sector; food insecurity; food literacy; nutrition education; training;
tertiary education
1. Introduction
Australia is ranked as the 15th most food-secure country in the world [1]. The prevalence of food
insecurity amongst the Australian population is estimated to be 4% [2]. Within Australia, the most
vulnerable to food insecurity include: Aboriginal and Torres Strait Islander People; people experiencing
homelessness, culturally and linguistically diverse groups; elderly; disabled people; young people; and
low-income earners [3–5]. The prevalence of food insecurity has been reported to be as high as 71%
among newly arrived refugees [2,3,6], and national data suggests one in five Aboriginal and Torres
Strait Islander households ran out of food and had not been able to afford to buy more in the previous
12 months [7]. Food insecurity in youth has been associated with poor mental health, particularly
hyperactivity/inattention, and can manifest into depression and suicide [8,9] and, in adults, has been is
associated with poorer self-reported health status [10].
Food insecurity is defined as the “limited or uncertain availability of nutritionally adequate and safe foods
or limited or uncertain ability to acquire acceptable foods in socially acceptable ways” [11]. The food insecurity
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spectrum ranges from being mildly food insecure, whereby there are challenges to accessing adequate
food or being able to cook food, to experiencing hunger and malnutrition [12]. A primary reason
for food insecurity is poverty [13], however, other environmental factors including organizational,
community, and government structures may impede food security [14]. The resultant increase in
individual risk against the four pillars of food security, food access, availability, utilization, and
stability [14,15], is seen especially in vulnerable groups. Furthermore, there is much evidence in
relation to the link between food insecure individuals and chronic disease [16–19].
Improving an individuals’ food literacy has been identified as one strategy to improve food
insecurity [15,16,20–22] and build resilience to cope with being food insecure [23]. Food literacy is
defined as the relative ability to understand the nature of food, its importance, and understand how to
use information about food for better health outcomes [24]. The key aspects of food literacy include food
access, planning and management, selection, cooking, eating, and nutrition [24]. Research suggests
that poor food literacy is a barrier for nutritious food access, wherein individuals with limited nutrition
knowledge and skills are more likely to purchase ultra-processed foods [24,25], and have reduced
individual creativity in meal preparation and awareness of health benefits of food [26]. An Australian
food charity organization [27] reported that food literacy interventions have positively impacted
those from low socio-economic demographics, with participation in multiple nutrition education
interventions identified as a key component to reducing food insecurity [15].
Community service organizations are often the first point of call for those seeking assistance, and
through their many programs, provide access to food and food literacy programs [28]. Despite the
availability of food literacy courses and resources for organizations’ staff, volunteers, and clients in
Australia [29–31], not all of these groups receive training, thus limiting knowledge transfer of food
literacy. From a knowledge brokerage perspective, food literacy programs delivered by a familiar
community service agency has the potential to provide a safe learning environment; and previous
research has demonstrated improved nutrition skills, food choices, preparation, and cooking skills
thus reducing the risk of chronic diseases [26]. Therefore the aim of this study was to identify the food
services offered by agencies in Western Australia (WA) and Australian Capital Territory (ACT) regions;
scope the needs of food literacy training for staff, volunteers, and clients from a staff perspective;
investigate challenges of food rescue organizations engagement with existing food literacy training
programs; and propose a tertiary education (university or higher education) led model to support the
food literacy training needs of the food charity sector.
2. Materials and Methods
2.1. Study Design
A cross-sectional design comprising an online survey to community service agencies and
discussions with Chief Executive Officers or Managers from five key food rescue organizations
(WA (n = 2) and ACT (n = 3)) was used for the study. Community service agencies that provide
programs within the Perth metropolitan area of WA and within Canberra, ACT, were surveyed to
scope the current delivery of food literacy programs and training for staff and volunteers and the
needs of clients from the staff perspective. Organizations in WA and ACT were randomly selected,
based on organization type (emergency relief provider, food rescue organization, charitable food pantry,
and providers of services to those who are homeless), were invited to participate in the discussion.
The purpose of the discussions was to (1) expand the survey findings; (2) provide differences in
context between jurisdictions; and (3) determine challenges to food literacy training and delivery
from the organizational perspective. The concept of food literacy was outlined by the interviewer
to the interviewees of the food rescue organizations. As discussions were informal and explorative
in nature, the conversation flowed freely around the topic area of food literacy, which encompassed
nutrition literacy. The Edith Cowan University Human Research Ethics Committee (12509) approved
the study, and a reciprocal agreement was provided by the University of Canberra Human Research
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Ethics Committee. Informed consent was obtained from participants prior to completing the survey
and discussions.
2.2. Recruitment of Agencies
Purposive sampling was undertaken to conduct this study. Community service organizations
that provided community food programs were identified using publicly identifiable information
(WA n = 112; ACT n = 56). Where an email address was publicly available, an initial email invitation
to participate and an online survey link was sent (n = 99, WA; n = 50, ACT). Agencies without this
information were contacted by telephone and asked to participate and provided the link or completed
the survey with the contact over the phone (n = 13, WA; n = 6, ACT). To improve survey completion,
organizations were reconducted at fortnightly intervals between November 2015–February 2016 (WA)
and May–July 2016 (ACT).
2.3. Survey Development
An investigator-generated 23 item survey was designed to scope the range of primary services
provided, demographics of clients, types of food and food services offered, use of food literacy programs,
food literacy training needs of staff, volunteers, and needs of clients from the staff perspective. All closed
items had nominal or ordinal response categories. The survey was developed by the researchers from
(Removed for blinding). Content and face validity of the survey was conducted prior to administration
in this study by key experts from three independent WA food rescue organizations and community
service agencies. The final survey was administered online through Qualtrics LLC, Provo, Utah [32],
a copy of which can be obtained from the authors.
2.4. Data Analysis
Quantitative data were analyzed using SPSS, Version 21 (IBM Corporation, Chicago, IL, USA).
Basic descriptive and frequency analyses were conducted. Transcripts were coded using the thematic
analysis process, as outlined by Braun and Clarke [33]. Initial coding of the data identified a consistent
alignment of codes across the transcripts with the four pillars of food security: Availability, access,
utilization, and stability [14]. These themes also aligned with the aims of the project, in particular
aim 2, and informed the development of the model, aim 3. Codes that did not align with the four
pillars were not identified during the coding. The coding process was conducted by author R.S. and
reviewed by authors T.L. and A.D.
3. Results
3.1. Respondent Demographics
Community service organization Chief Executive Officers or Managers (n = 55) completed the
online survey with a response rate of 29% (n = 32) for WA and 41% (n = 23) for ACT. Organizations
provided more than one primary service to a range of client groups (Table 1), however, in both ACT
and WA, the most reported primary service was, “welfare/homelessness service” (ACT 43% n = 10;
WA 59% n = 19). There was greater variation between the proportion and types of client groups
serviced by the organizations between ACT and WA, such that the primary client group in the ACT
included “low income” (n = 20, 87%) and “Aboriginal and/or Torres Strait Islander people” (n = 14,
61%), whereas, both of these groups were equally reported as the main client group in WA (n = 26,
81%). The “homeless” (n = 23, 72%) and “asylum seekers, migrants or refugees” (n = 19, 59%) groups
were also reported as key recipients in WA.
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Table 1. Demographic comparison between Western Australia (WA) and Australian Capital Territory
(ACT) charitable organizations.
Category ACT (n) WA (n) Total (n)
23 32 55
Number of Paid Staff (approx.) 55 117 172
Number of People Volunteering (approx.) 166 628 894
Clients Attending and Receiving Food (approx.) 1100 1400 2500
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Forty-two percent of organizations offered case management services to their clients (ACT 30%
n = 7; WA 50% n = 16). Of these, 87% (n = 20/23) included a food literacy program within the case
management structure. Programs were either conducted on one occasion (Total n = 5; WA n = 5) or
once a week for several weeks (Total n = 15; ACT n = 7; WA n = 8). Despite 58% of organizations not
providing case management and nutrition services to their clients, 60% of total survey respondents
(n = 33/55) indicated they had access to an onsite kitchen: 18% had access to a domestic size kitchen
(Total n = 10; 13% ACT n = 3; WA 22% n = 7) and 42% had access to a commercial kitchen (Total n = 23;
ACT 52% n = 12; WA 34% n = 11).
The community service organizations in ACT and WA provided a variety of food services and
foods (Total n = 19; ACT n = 9; WA n = 10) to approximately 2500 clients per week (ACT n = 1100;
WA n = 1400, Table 1). The primary food services offered included prepared food (Total n = 41;
ACT n = 15; WA n = 19), emergency relief parcels (Total n = 31; ACT n = 11; WA n = 20) and food
pantries (Total n = 19; ACT n = 9; WA n = 10). Food provision included fruit (Total n = 23; ACT n = 11;
WA n = 12), hot and cold beverages (Total n = 20; ACT n = 10; WA n = 10), snacks (Total n = 16;
ACT n = 9; WA n = 7), sandwiches (Total n = 15; ACT n = 10; WA n = 5) and hot meals (Total n = 15;
ACT n = 10; WA n = 5).
3.2. Food Literacy Training
The scope of the food literacy training programs listed in the survey were food safety and handling,
food budgeting, nutrition and cooking. Food safety and handling was the primary training delivered
to paid staff and a priority area in both ACT and WA for volunteers. Similarly, centers in ACT (n = 7/23)
and WA (n = 8/32) organizations, provided some training in food budgeting, nutrition, and cooking for
clients. Face-to-face or online training was delivered by a variety of educational providers or provided
from within the organization.
Organizations budgeted between $ 0 and $ 5000 per annum (pa) for food literacy training for
staff; on average, ACT and WA reported $ 1100 pa and $ 400 pa respectively. The budget reduced
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considerably for ACT and WA volunteers ($ 400 pa vs. $ 100 pa respectively) and clients ($ 36 pa vs.
$ 20 pa, respectively). Reflective of the reported budgets, 32–38% of organizations did not provide any
food literacy training for paid staff, and 50–65% did not provide training for volunteers and clients.
3.3. Main Challenges in Conducting Food Literacy Programs
The primary challenges experienced by the community service organizations, from the staff
perspective when running food literacy programs for clients were similar between ACT and WA.
This included inadequacies in client’s nutrition knowledge (ACT n = 10 (40%); WA n = 15 (60%)),
motivation to prepare healthy food (ACT n = 9 (39%); WA n = 14 (61%)); and skills (ACT n = 9 (50%);
WA n = 9 (50%)). Organizational challenges in WA included lack of access to food for clients (n = 9),
time (n = 9) and insufficient funding to supplement the food supplied for programs (n = 9). ACT lacked
kitchen access and equipment (n = 6).
With unlimited time, facilities and budget, the three priority areas for training staff and volunteers
were similar between ACT and WA. For staff, basic nutrition education was prioritized in both
jurisdictions; WA prioritized food budgeting (n = 14); ACT prioritized food safety (n = 10). Priorities for
WA and ACT volunteers were nutrition education (n = 12) and food safety (n = 12) and for clients,
basic nutrition education (n = 16) and food budgeting (n = 16) respectively.
3.4. Key Organisation Views
Discussions with Chief Executive Officers or Managers from five key organizations supplemented
the survey data and highlighted the role that organizations, agencies, and institutions including
universities can play to improve food literacy and reduce food insecurity. Transcripts were coded
against the four pillars of food security [14]: Availability, access, utilization and stability. The potential
roles are outlined in relation to these pillars below.
3.4.1. Availability
Organizations reported relying on food donations to provide fruit and vegetables and other
foods for use in food literacy programs. Program sustainability was affected by the amount of food
required beyond donations. Organizations indicated they would benefit from collaborative funding
opportunities, thus providing consistent food availability at their services.
3.4.2. Access
Adequate access is fundamental to an individual’s food security status. The organizations’
ability to support knowledge transfer around access through food literacy programs was proposed
to support food security. The programs needed to include the who–who delivers the program;
the level–appropriate program tailoring for clients; and, the where–resources to deliver program,
location, and access to kitchen facilities, to ensure stability and client engagement. Further discussions
highlighted that the delivery of the food literacy programs was critical and required expertise in food
and nutrition, pedagogy, cooking skills, and target relevance:
“From what we found that people are saying to us ‘we don’t want celebrity chefs teaching us how to cook’.
It frightens those people that are vulnerable.”
“I would say that they (the person running the program) have to be confident at cooking. Again it is about
being able to throw things in, being able to be a bit flamboyant with the way they are doing it. Other than just by
the book. I think it has to have a bit of flexibility in it for it to suit.”
It was suggested that without consideration of these factors, utilization of food literacy programs
and food supplied would be reduced, thus lessening the client and organizational impact on
food security.
“When people are living in cars, how do they cook? The little stove, doing a bit of camp cooking.”
“That is the problem with the end user, the person getting the box of food. They are often people with
very limited–they might be homeless or be in a hostel–ability to actually choose and prepare food for themselves.
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Their circumstances are that they get what they can and its often soup kitchen or prepared by a charity and given
straight to them.”
Similar to survey responses, human resources, staff and volunteer turnover, and limited space
and facilities to conduct food literacy programs were identified as challenges. Funding in particular
was found to be the biggest challenge to overcome.
“Sustainable funding to keep the ball rolling. That’s our biggest issue and particularly in those high need
areas where there is no money . . . for human resources to keep the program running. This is important to inspire
and motivate.”
3.4.3. Utilization
Food literacy education provides an opportunity to upskill staff, volunteers, and clients to
priorities nutrient-rich food consumption. The content and tools of food literacy programs should
embed contextualized and well-evidenced information incorporating simple and robust recipes with
common and inexpensive ingredients.
“We think we have to measure everything, and I think that sometimes frightens people . . . When you take
the measurement out it also takes the likelihood of it being wrong which can put people off. The fear of it not
being as it should be . . . What I think you need to do is really pare it back. It has got to be simple. I cook like that
I don’t measure anything. Teach people to do it by taste.”
“Another thing we found was that some of the barriers to producing this information were the client’s
knowledge. Maybe some of the programs that are out there are too high a level for those clients.”
3.4.4. Stability
Food insecurity and subsequent nutrition insecurity can be outcomes of unstable food supply or
lack of infrastructure to provide adequate food and/or training to empower individuals to overcome
their food security status. The potential of training programs to build food literacy skills in clients
could, in turn, go some way in offering a pathway to a more stable food supply. The organizations,
however, had concerns given their limited capacity to provide food literacy programs themselves:
“ . . . . . . What I think we need to be thinking about in this instance is how we cannot just roll this out in
Perth metropolitan area, but HOW can we roll it out into the regional centers.”
A tertiary education partnership model, which relies on student engagement, a flexible framework
with relevant, authentic teaching, and learning structures were discussed with each of the key
organizations to address the limited capacity and extend their reach of food literacy training. While the
proposal of a partnership model was looked upon favorably, an organization stated that:
“As long as you’ve got a framework (within this model)–this is your outcome, how you get there might be
determined by your clients on the day.”
All organizations agreed that a model requires buy-in from stakeholders within community
service and food rescue organizations and potential partnerships with other commercial businesses or
sectors outside the charitable food sector to be sustainable and successful:
“It is an ownership as well. People like to be involved but they like to own it as well. They would own it by
financially contributing.”
4. Discussion
This study highlights the challenges experienced by the charitable food sector to improve food
security through the provision of food literacy programs. Despite the varying geographical locations,
similar findings across the jurisdictions (WA, ACT) were evident, including the fact that the primary
services being offered were welfare/homeless services and for low income and Aboriginal and/or Torres
Strait Islander peoples. While the amount of funding provided by ACT and WA organizations on
food literacy training differed, limited financial support was evident, suggesting other options for
food literacy training need to be considered. The priority focus for the training of staff, volunteers,
and clients was food safety and handling. Nutrition and food budgeting were prioritized, but lack of
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funding and facilities limited actual delivery. External organizations provided food literacy training,
resulting in additional costs for the organizations, thus limiting uptake and reach.
To provide sustainable programs, charitable food organizations acknowledged that partnerships
with business, education, and health sectors were required. Engaging support was difficult due to
changing external interests, poor funding models, and the absence of a logical framework to drive the
process. Analysis of the survey findings and discussions supported the formulation of a Food Literacy
Action Logic Model (Figure 1). This model outlines how the tertiary education sector can partner with
the community service and food rescue organizations to provide sustainable food literacy training,
foster skill development, and extend reach.
The Food Literacy Action Logic Model is premised upon the four pillars of food security: Availability,
access, utilization, and stability [14,15]; and, incorporates the Socio-Ecological Model (SEM) of Health
Promotion [34]. The SEM provides a framework to understand the complex and multifaceted interactions
within the social system [34]. Accepted globally, the SEM is used to develop and evaluate nutrition, social
and health programs [35] and analyze the importance of health/disease related decisions [36]. The SEM
has five hierarchical levels: Individual, Interpersonal, Organizational, Community, and Policy/Enabling
environments [34]. To achieve food security for the individual, community, and population, it is essential
that all four pillars are supported and encompass all SEM levels.
The Food Literacy Action Logic Model guides the tertiary education sector in supporting all four
pillars of food security. Engagement with the community services sector supports relationships between
stakeholders at all levels of the SEM framework [34]. For example, “Policy/Enabling environments”
includes partnerships with national, state, territory and local governments and food industry to
improve funding and resources to ensure sustainable food supply and programs. Partnerships between
food rescue organizations, food and non-food businesses, and the tertiary sector are needed to increase
funding opportunities to improve the sustainability of food literacy programs. In turn, partnerships at
the community and organization levels foster trusting environments, thus improving client’s access
to food and knowledgeable trainers are likely to reduce attrition from programs [37]. The pillar of
utilization of food is enhanced by a multi-strategy approach to food literacy education, as demonstrated
by the Food Literacy Action Logic Model [37].
Figure 1. Food Action Logic Model: A schematic representation of collaborative actions driven by the
tertiary education sector to address engagement with food rescue and community service organization’s
to improve food security via a food literacy education model. SEM: Socio-ecological Model.
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Limitations
Despite a low response rate, the similarity in responses within each jurisdiction may imply
a representative sample albeit from purposive sampling from a comprehensive publicly available
database. Survey responses, including the training needs of clients, were based upon the staffperspective
only. Discussions with the sector were informal and explorative in nature to determine the needs of
the sector to build models for support.
5. Conclusions
Food literacy is one of the many strategies used to address food insecurity. A sustainable model
showcasing collaboration with the tertiary education sector and the charitable food sector has been
proposed to engage a sustainable student workforce to deliver food literacy training to staff and
volunteers in order to improve knowledge transfer to clients. The delivery of flexible, relevant, and
authentic food literacy programs tailored for regional and urban environments and contextualized for
the client groups will contribute to greater food utilization and social skills for the client with an aim to
improve short and long-term health.
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